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EDITORIAL  NOTE. 


A  short  time  ago  Professor  Giard  placed  two  specimens  of  the  rare 
Cephalopod  Spirula  in  the  hands  of  Dr  Paul  Pelseneer  for  anatomical 
examination.  From  a  study  of  these  specimens,  and  with  the  assistance 
of  Mr  Huxley’s  figures  and  notes,  Dr  Pelseneer  has  been  able  to  prepare  the 
following  important  Report. 

The  figures  contained  in  the  six  plates  which  illustrate  this  Memoir 
are  copies  of  the  drawings  made  by  Mr  Huxley  in  the  course  of  his 
examination  of  the  Challenger  specimen  of  Spirula,  and  of  that  kindly  lent 
him  by  Mr  Agassiz. 

Finding  himself  unable  to  carry  out  the  work  he  had  taken  in  hand  to 
his  satisfaction,  Mr  Huxley  placed  the  plates  at  Dr  Pelseneer’s  disposal, 
and  gladly  supplied  him  with  such  information  as  it  was  in  his  power 
to  give. 

Although  Mr  Huxley  thinks  that  Dr  Pelseneer  has  really  been  the  sole 
author  of  the  Memoir,  he  has,  at  Dr  Pelseneer’s  desire,  allowed  his  name  to 
appear  in  the  title. 

This  Report  forms  the  eighty-third  and  last  Part  of  the  Zoological  Series 
of  Reports  on  the  Scientific  Results  of  the  Expedition,  and,  owing  to  the 
delay  in  its  preparation,  could  not  be  issued  in  one  of  the  Zoological  volumes. 
The  manuscript  in  French  was  received  by  me  from  Dr  Paul  Pelseneer 
in  January  1894,  and  was  translated  into  English  by  Miss  Annie  Sclater. 

John  Murray. 


Challenger  Office, 

45  Frederick  Street,  Edinburgh, 
November  1894. 
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VOYAGE  OF  H.M.S.  CHALLENGER 


ZOOLOGY. 


REPORT  on  the  Specimen  of  the  Genus  Spirula  collected  by  H.M.S. 
Challenger.  By  the  Rt.  Hon.  Thos.  H.  Huxley,  F.R.S.,  and  Paul 
Pelseneer,  D.So.  (Brussels).1 

INTRODUCTION. 

In  the  animal  kingdom  there  are  some  exceedingly  rare  forms, — the  number  of 
observed  individuals  may  be  counted, — to  which  zoologists  attach  very  great  interest 
because  of  their  phylogenetic  importance  ;  this  arises  either  from  their  being  the 
sole  representatives  of  groups  on  the  way  to  extinction,  or  because  they  permit  us 
to  form  a  better  conception  of  the  relations  existing  between  groups  which  appear 
sharply  separated  from  each  other. 

Spirula  is  one  of  these  forms,  and  it  is  certainly  of  all  Molluscs  that  which  the  best  unites 
to  the  interest  of  rarity  an  aberrant  conformation  among  the  existing  animals  of  its  class  : 
it  is  the  only  Dibranchiate  with  a  multicellular,  siphonated,  and  partially- external  shell. 

Rumphius  is  generally  credited  with  being  the  first  to  observe  a  Spirula,  and  with 
having  even  given  us  some  details  as  to  its  manner  of  life.  From  a  consideration  of 
the  passage  which  he  devotes  to  this  genus  2  I  am  convinced  that  he  saw  only  some  very 
unimportant  fragments  (the  adherent  part  of  the  last  septum  and  the  siphuncle) ;  he 
believed  the  last  chamber  to  be  much  larger,  as  in  Nautilus,  and  he  imagined  that  the 
cephalic  part  of  Spirula  remained  fixed  [see  further  on]  to  the  rocks,  the  edges  of  the 
last  chamber  of  the  shell  being  supposed  by  him  to  be  broken. 

The  first  almost  complete,  though  mutilated,  specimen  was  collected  by  Peron  and 
Lesueur,  and  from  it  Lamarck,  who  had  created  the  genus  for  the  shell  (1799),  first 
made  known  the  existence  of  suckers.3  Peron  gave  a  rather  unsatisfactory  figure  of 

1  See  Editorial  Note  for  statement  as  to  the  collaboration  between  the  authors  in  the  preparation  of  this 
Report.  The  Report  was  translated  from  the  French  by  Miss  Annie  Sclater. 

2  Rumphius,  D’amboinsche  Rariteitkamer,  1705,  pp.  67,  68. 

3  Lamarck,  Encyclopedic  methodique,  Atlas  des  Vers,  Mollusques,  Zoophytes,  pi.  465,  fig.  5,  a,  1827. 
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this  Spirulci,1  often  reproduced,  but  this  precious  specimen  disappeared  without  having 
been  further  studied.2 

The  English  Expedition  to  the  Congo  procured  a  fragment  of  Spirula  (the  posterior 
extremity  with  the  shell),  which  was  deposited  in  the  British  Museum.3  In  1836,  several 
Spirulse,  not  so  complete  as  that  of  Peron,  were  taken  by  the  French  corvette  “  La 
Recherche.’  4  upon  the  most  perfect  of  which  the  first  anatomical  sketch  of  the  genus, 
by  de  Blainville,  was  based  ;5  he  recognised  especially  the  existence  of  a  single  pair 
of  gills.  The  first  work  of  Owen 6  does  not  add  much  to  the  discoveries  of  de  Blainville, 
his  observations  being  likewise  exclusively  based  on  fragments. 

A  single  specimen  almost  entirely  intact  had  been  collected  at  this  time  ;  it  had  already 
been  figured  by  Gray  7  and  by  Reeve, s  but  it  was  only  at  a  relatively  recent  period  that 
the  collector  to  whom  it  belonged  would  permit  Owen  to  study  its  organisation.  His 
memoir  9  is  then  the  first  description  of  a  complete  Spirula.  Unfortunately,  there  are, 
in  the  text  as  well  as  in  the  illustrations  of  this  work,  not  only  a  considerable  number 
of  important  gaps,  but  a  regrettable  absence  of  even  approximate  precision,  which  render 
the  results  much  less  important  than  we  would  have  expected,  all  the  more  so,  as  in  the 
work  there  is  a  complete  absence  of  the  present  ideas,  tendencies,  and  pre- occupations  of 
Zoology.  This  memoir  has,  however,  remained  the  only  one  containing  an  anatomical 
description  of  a  complete  individual,  for  if  Owen  had  the  exceptional  good  fortune  of 
dissecting  a  second  complete  Spirula  (male),  his  observations  were  limited  to  making 
known,  with  as  little  precision,  the  sexual  characters.10 

Another  complete  individual  was  collected  in  1865  near  Port  Jackson,  but  it  was 

1  Freycinet,  Voyage  de  decouvertes  aux  terres  australes,  pi.  xxx.  fig.  4,  Paris,  1816. 

2  “  Malheureusement  le  seul  et  precieux  specimen  qu’ils  rapportbrent  conserve  dans  la  liqueur,  et  trouv6 
mort  et  flottant  en  mer,  s’est  perdu  au  Museum,  oil  ils  l’avaient  depose,  avant  meme  qu’une  bonne  description 
put  nous  consoler  de  cette  perte  ”  (F^russac  et  d’Orbigny,  Histoire  naturelle  des  Cephalopodes  acetabuliferes, 
p.  55,  Paris,  1848). 

3  Gray,  Catalogue  of  the  Mollusca  in  the  British  Museum,  Part  I.,  Cephalopoda  antepedia,  1849,  p.  116. 

4  Lettre  de  M.  Robert  sur  les  Spirules,  sur  le  lamentin  du  Senegal  et  sur  l’existence  dans  cette  region  de 
l’Afrique  de  l’hyene  tachetee  ( Comptes  rendus  Acad.  Sci.  Paris,  t.  ii.,  1836,  pp.  362,  363  ;  icl.,  in  Ann.  Sci.  nat. 
\Zoologie\,  ser.  2,  t.  v.  pp.  226,  227,  1836). 

De  Blainville,  Quelques  observations  sur  l’Anatomie  de  la  Spirula  et  sur  l’usage  du  siphon  des  coquilles 
polythalames  [Ann.  franc,  et  etrang.  d’Anat.  et  de  Phys.,  t.  i.,  1837,  pp.  369-382). 

6  Owen,  Description  of  two  mutilated  specimens  of  Spirula  peronii,  with  some  observations  on  S.  australis 
and  S.  reticulata  (Zoology  of  the  voyage  of  H.M.S.  “  Samarang,”  Mollusca,  part  i.  pp.  6-17,  pi.  iv.,  1848). 

7  Gray,  On  the  Animal  of  Spirula  (Ann.  Mag.  Nat.  Hist.,  ser.  1,  vol.  xv.,  1845,  pp.  257-260,  pi.  xv.). 

8  Reeve,  Elements  of  Conchology,  1846,  p.  16,  pi.  A,  figs.  a-f. 

9  Owen,  Supplementary  Observations  on  the  Anatomy  of  Spirula  australis,  Lamarck  (Ann.  Mag.  Nat.  Hist., 
ser.  5,  vol.  iii.,  1879,  pp.  1-16,  pis.  i.-iii.). 

10  Owen,  On  the  External  and  Structural  Characters  of  the  Male  Spirula  australis,  Lam.  (Proc.  Zool.'Soc. 
London,  1880,  p.  352,  pi.  xxxii.).  Owen  reports  that  this  specimen  was  taken  during  the  voyage  of  the  “  Bonite.” 
Souleyet,  however,  who  was  on  board  this  ship,  says  expressly  that  they  had  not  succeeded  in  capturing  a  Spirula 
(Voyage  autour  du  monde  .  .  .  sur  la  corvette  la  “  Bonite,”  Zoologie,  t.  ii.  p.  8,  1852). 
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deposited  in  the  Sydney  Museum,1  and  consequently  could  not  be  made  the  subject  of 
anatomical  research. 

As  to  the  complete  Spirula  taken  by  the  “Blake”  in  the  West  Indian  Seas2 
(represented  in  PL  II.  figs.  1,  2),  it  is,  at  the  present  moment,  lost,  without  having 
been  dissected.  Therefore  the  capture,  during  the  voyage  of  the  Challenger,  of  an 
entire  specimen  of  Spirula,  wdiich  was  entrusted  to  Professor  Huxley,  has  been  considered 
one  of  the  happy  zoological  results  of  this  Expedition. 

From  the  above  enumeration  it  appears  that  up  to  the  present  time  only  five  complete 
individuals  of  Spirula  have  been  under  observation  (not  one  of  which  was,  however,  taken 
alive),  the  two  specimens  (male  and  female)  studied  by  Owen,  that  belonging  to  the  Sydney 
Museum,  and  the  two  others  which  were  collected  by  the  Challenger  and  the  “  Blake.” 

In  some  public  and  private  collections  (notably  in  London)  there  are  more  or  less 
important  fragments  of  Spirula  not  mentioned  in  literature,  but,  like  the  specimen  in 
the  Sydney  Museum,  they  cannot  be  made  the  subjects  of  scientific  investigation. 

However,  two  individuals — unfortunately  also  incomplete— were  in  the  hands  of 
former  captain  of  the  navy  at  Nantes,3  who,  still  more  strongly  than  the  owner  of  the 
Spirula  studied  by  Owen  in  1879,  refused  to  trust  them  to  a  Zoologist.  But  Professor 
Giard,  who  kept  watch  over  these  specimens,  was  able  to  acquire  them  on  the  death  of  their 
possessor  ;  thanks  to  him  these  Spirulse  did  not  become  the  prey  of  a  public  collection. 
He  has  been  so  good  as  to  entrust  them  to  me  and  to  permit  me  to  dissect  the  larger  and 
more  complete  of  the  two  ;  upon  this  material  my  personal  observations  have  been  based. 

Under  these  circumstances  I  have  undertaken  to  prepare  the  Eeport  upon  the 
specimen  of  Spirula  taken  by  the  Challenger  Expedition.  Zoologists  will  join  with 
me  in  regretting  that  this  publication  has  not  been  made  by  Professor  Huxley  himself ; 
but  I  shall  be  excused  for  supplying  his  place  here,  when  it  is  known  that  for  years  past 
he  had  formally  renounced  the  idea  of  publishing  the  figures  already  prepared,  and  thus 
these  could  not  have  been  published  without  the  intervention  of  a  collaborator. 

Professor  Huxley  has  been  good  enough  to  furnish  me  with  various  explanations 
relative  to  the  figures,  and,  with  the  aid  of  my  own  observations,  I  am  able  to  present  an 
anatomical  description  of  Spirula ,  giving  sufficiently  precise  details  of  the  majority  of 
the  points  of  its  organisation,  in  spite  of  certain  deficiencies  due  to  the  rarity  of  the 
material  and  its  state  of  preservation. 

P.  P. 

1  Angas,  On  the  marine  molluscan  Fauna  of  the  Province  of  South  Australia,  with  a  list  of  all  the  species 
known  up  to  the  present  time,  &c.  ( Proc .  Zool.  Soc.  London,  1865,  p.  157). 

2  Agassiz,  On  the  dredging  operations  carried  on  from  December  1878  to  March  10,  1879,  by  the  U.S. 
Coast  Survey  steamer  “  Blake  ”  (Bull.  Mus.  Comp.  Zool.,  vol.  v.,  1879,  p.  298) ;  Agassiz,  Three  Cruises  of  the 
U.S.  Coast  and  Geodetic  Survey  steamer  “Blake”  (ibid.,  vol.  xv.,  1888,  p.  61). 

3  These  specimens  had  been  collected  in  1861,  but  their  locality  is  uncertain.  Professor  Giard  supposes 
that  they  had  been  taken  in  the  Atlantic,  in  the  neighbourhood  of  the  Sargasso  Sea  (Giard,  A  propos  de  1’ Animal 
•de  la  Spirule,  Comptes  rendus  Soc.  Biol.  Paris,  ser.  9,  t.  v.,  1893,  p.  886). 


OBSERVATIONS  ON  SPIRULA. 


I.  External  Conformation  and  Teguments. 

The  body  of  Spirula  is  elongated,  cylindrical,  truncated  posteriorly.  The  posterior 
extremity  is  constituted  by  a  “  terminal  disk,”  which  is  less  distinct  in  Spirula  peronii 
(PI.  I.  figs.  1-4)  than  in  Spirula  australis  (PI.  II.  figs.  1-3)  and  in  Spirula  reticulata 
(Figs.  C,  J,  and  Is  in  the  text) ;  it  carries  two  small  fins,  parallel  to  the  median  sagittal 
plane,  between  which  is  an  orifice  leading  into  a  little  fossa.  In  the  posterior  half 
there  are,  both  dorsally  and  ventrally,  two  antero-posterior  oval  openings  through  which 
the  last  whorl  of  the  shell  very  slightly  projects.  This  “body”  corresponds  to  the 
visceral  sac,  covered  by  the  mantle,  of  Nautilus  and  of  the  Gastropods  (“  episoma,” 
Huxley)  ;  the  cephalo-pedal  mass  (“  prosoma”  or  cephalopodium,  Huxley)  is  united  to  the 
body  by  the  “  mesosoma  ”  (Huxley),  that  is  to  say,  by  the  nuchal  region  and  the  funnel, 
the  latter  (epipodium)  belonging  morphologically  to  the  foot. 

These  different  parts  :  head,  foot  (arms),  funnel,  mantle,  &c.,  must  be  separately 
examined. 

1.  Head. — In  the  Challenger  specimen  this  part  was  retracted  into  the  pallial 
cavity  (PI.  I.  figs.  1,  2,  3)  and  a  little  distorted  (PI.  I.  figs.  5,  6).  The  “  Blake”  specimen 
(PI.  II.  fig.  l)  had  also  the  head  slightly  twisted.  This  asymmetry  is  not  normal,  however, 
and  has  not  been  observed  in  other  specimens  ; 1  it  is  apparently  a  deformation  due  to  con¬ 
traction.  The  head  in  its  general  conformation,  like  that  of  other  Decapods,  is  characterised 
(in  the  Challenger  and  “  Blake  ”  specimens)  by  its  rather  considerable  width,  especially  in 
the  posterior  part ;  it  is  more  developed  laterally  than  dorso-ventrally.  The  eyes  are 
placed  laterally,  and  behind  them,  but  more  ventrally,  are  found  the  olfactory  organs 
(see  further  on  for  the  conformation  of  these  organs). 

2.  Arms. — As  in  all  the  Decapods,  there  are  eight  sessile  arms,  which  are  in  Spirula 
rather  short,  and  two  long  pedunculated  or  tentacular  arms. 

a.  Sessile  Arms. — The  eight  short  arms  are  perceptibly  equal  in  length  (PI.  I.  figs. 
1-3) ;  their  aboral  or  external  surface  is  rounded,  except  that  there  is  a  median  longitudinal 
ridge.  The  internal  face  is  flattened  so  as  to  form  a  surface  for  the  acetabula,  extending 
from  the  base  to  the  summit  of  each  arm ;  this  surface  is  broad  and  bounded  by  a  curved 
contour  at  the  basal  extremity  and  narrows  gradually  towards  the  summit.  The  bases 

1  For  example,  the  individual  studied  by  Owen  in  1879. 
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of  the  arms  are  united  by  a  very  thin  interbrachial  membrane,  which  surrounds  the 
buccal  disk  and  does  not  carry  suckers. 

b.  Tentacular  Arms. — The  tentacular  arms  were  retracted  in  the  Challenger  specimen, 
but  only  partly  and  not  completely  as  in  Sepia,  Sepiola,  &c.;  their  acetabuliferous 
extremities  bent  back  reach  those  of  the  sessile  arms  (PI.  I.  fig.  1,  T.).  The  free  extremity 
of  the  “  tentacles  ”  is  pointed,  but  not  widened  as  in  the  other  Decapods  ;  the  “  supra- 
brachial  ”  longitudinal  ridge  is  there  more  elevated  and  more  like  a  membrane  than  that 
upon  the  sessile  arms.  The  remainder  of  the  tentacular  arms  is  rounded  and  smooth. 
The  pocket  in  which  each  tentacle  is  in  part  retracted  is  formed  by  the  interior  of  the 
base  of  the  third  and  fourth  sessile  arms  as  usual,  and  when  the  retraction  of  the  organ 
takes  place,  it  is  folded  back  on  itself.  In  this  position  the  tentacle  resembles  a  bent 
arm,  the  proximal  portion  (attached)  representing  a  very  short  arm,  while  the  remainder 
corresponds  to  a  long  fore-arm  with  the  acetabuliferous  part  at  the  extremity  like  a  hand 
(PI.  III.  T1.).  When  the  tentacular  arms  are  thrown  out  and  extended  they  are  longer 
than  the  whole  body  (PL  II.  figs.  1,  2).  The  area  on  which  the  suckers  are  situated 
is  in  the  form  of  an  elongated  oval,  narrowed  at  the  extremity  corresponding  to  the 
summit  of  the  arms,  not  exceeding  one  quarter  of  an  inch  in  length  ;  the  suckers  have 
the  same  form  and  arrangement  as  those  of  the  sessile  arms,  the  diameter  of  the  largest 
not  exceeding  200th  of  an  inch. 

c.  Suckers. — The  suckers  are  “  cups”  slightly  pedunculated  ;  their  peduncle  is  not,  as 
in  Sepia,  inserted  in  the  axis  of  the  sucker,  but  laterally  as  in  the  (Egopsids,  Loligo,  &c. 
(see  PI.  VI.  fig.  10).  The  largest  suckers  are  found  at  the  proximal  extremity  (basal) 
of  each  acetabuliferous  area,  and  do  not  exceed  xtroth  of  an  inch  in  diameter.  They 
gradually  diminish  in  volume  up  to  the  summit  where  their  diameter  is  not  more  than 
250th  of  an  inch.  They  are  closely  crowded  over  the  whole  surface  of  the  acetabuliferous 
area,  but  without  perfect  regularity ;  six  or  seven  of  them  occupy  the  width  upon  the 
largest  part  of  the  area,  while  there  are  not  more  than  three  or  four  at  the  base  of  the 
area,  and  not  more  than  two  or  three  at  the  summit.  Their  “  horny  ”  armature  is  thick, 
and  in  a  few  the  form  is  that  of  a  globular  glass  without  bottom  ;  the  free  annular 
border  is  produced  into  short  spines  (see  PI.  VI.  fig.  9). 

3.  The  Funnel,  Muscles,  and  Cartilages. — The  funnel  is  closed  ventrally,  as  in  all 
the  Dibranchiates.  On  the  internal  cephalic  wall  is  a  small  anterior  valve  in  the  female 
(PI.  I.  fig.  7,  I.v.).  This  character  also  exists  in  the  male.1  There  does  not  seem 
to  be  any  trace  of  “  Muller’s  organ  ”  (mucous  gland  of  the  funnel)  so  widespread 
in  the  Dibranchiates.  The  infundibular  collar  (see  PI.  I.  fig.  5)  is  high  and  not  fused  to 
the  mantle  dorsally  (PI.  IIP).  Ventrally,  upon  the  sides  of  the  collar,  are  linear,  elon¬ 
gated,  cartilaginous  fossae  (Pis.  I.,  II.,  and  IV.,  li.)  corresponding  to  the  protuberances  of 

1  Steenstrup,  Sepiadarium  og  Idiosepius  ( Vidensk.  SelsJc.  Skr.,  naturhist.  og  math.  Afd.,  ser.  6,  Bd.  i., 
Kjobenhavn,  1881,  p.  229). 
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the  internal  face  of  the  mantle  (PL  II.  fig.  1,  Ipa.),  which  form  with  these  the  resisting 
apparatus  destined  to  insure  the  closure  of  the  pallial  chamber  while  the  water  is 
expelled  through  the  funnel.  The  nuchal  cartilage  (PI.  I.  fig.  5,  cl.  i.)  on  the  anterior 
dorsal  margin  of  the  “  collar  ”  in  the  median  line  has  nearly  the  form  of  that  in  Loligo, 
and  especially  in  the  Ommatostrephidse. 

The  retractor  muscles  of  the  siphuncle  (PI.  IV.  l.mr.)  and  of  the  head  unite  laterally, 
and  have  their  common  origin  upon  the  external  sides  of  the  last  chamber  of  the  shell, 
the  retractile  part  of  the  head  of  these  latter  muscles  is  inserted  upon  the  aboral 
face  of  the  perineural  or  cephalic  cartilage,  which  forms  a  capsule  enveloping  the  nervous 
centres.  This  cartilage  sends,  upon  the  sides,  vast  prong-like  prolongations  (PI.  V.  fig.  3, 
pn.ct1.)  supporting  the  optic  ganglia,  and  ventrally,  in  front,  the  median  projection 
(PI.  "\  .  fig.  3,  pn.c°.),  which  (as  in  Sepia)  gives  attachment  to  the  muscles  of  the  arms. 
In  front,  the  cartilaginous  capsule  is  continued  by  the  envelope  of  connective  tissue 
of  the  junction  between  the  pedal  and  brachial  centres. 

4.  Mantle. — a,  Pallial  Envelope. — The  external  surface  of  the  mantle  is  smooth,  as 
in  the  other  Dibranchiates  ;  the  reticulation  observed  in  the  form  called  Spirilla  reticulata 
does  not  belong  to  the  superficial  portion  of  the  integuments,  as  will  be  seen  later  on. 

The  border  of  the  mantle,  free  all  round  its  circumference,  offers  three  anterior 
protuberances  :  a  median  dorsal  one,  and  two  symmetrical  latero-ventral  ones,  which 
limit  the  <!  sinus  ”  of  the  funnel  (PI.  I.  figs.  2,  3  ;  and  Fig.  C). 

In  the  Challenger  specimen  the  external  surface  of  the  mantle  was  deprived  of  its 
epidermis,  and,  for  the  greater  part  of  its  extent,  of  the  layer  of  chromatophores.1  The 
chromatophores,  however,  were  present  at  the  aboral  extremity  (PI.  VI.  fig.  14),  where  the 
skin  was  not  removed,  as  well  as  upon  a  narrow  band  of  the  internal  face  of  the  mantle 
along  the  margin  at  this  place.  The  “  Blake  ”  specimen  was  in  this  respect  in  the  same 
condition,  the  chromatophores  being  preserved  only  at  the  aboral  extremity  (PI.  II.  figs. 
1,  2)  and  along  the  margin  of  the  mantle  on  the  internal  face  (PI.  II.  figs.  1,  2,  cr.). 

The  chromatophores  are  nevertheless  spread  over  the  whole  external  surface  of  the 
mantle.  In  fact  there  exists  in  the  form  called  Spirula  reticulata  a  general  reticu¬ 
lation  of  this  surface  given  as  a  character  of  that  form,  and  due,  from  what  I  have  seen, 
to  bundles  of  subcutaneous  fibres  disposed  in  such  a  manner  as  to  form  more  or  less 
regular  polygons. 

However,  these  polygonal  spaces  with  definite  limits  exist  also  in  an  Ommatostrephid, 
Illex  coindeti,  where  on  taking  away  the  pallial  epithelium,  an  appearance  is  observed 
very  similar  to  that  presented  by  Spirula  reticulata,  and  the  polygonal  spaces  are  there 
occupied  by  chromatophores.  In  Plex  it  is  especially  near  the  free  margin  of  the 

It  is  probably  this  state  which  led  von  V  illemoes-Suhm  to  suppose  that  the  specimen  had  been  swallowed 
by  an  abyssal  fish  and  regurgitated  when  brought  to  the  surface  by  the  trawl. 

The  coloration  of  the  dead  specimens,  but  freshly  taken  from  the  water,  is  yellowish-white  spotted  with 
brown,  according  to  Robert  ( Comptes  rendus,  t,  ii.,  1836,  p.  362). 
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Fig.  A. — Posterior  part  of 
the  right  side  of  the 
mantle  in  Spirula  reti¬ 
culata,  ventral  view  p 
'  x  10.  i,  reticulation 
of  the  mantle  ;  ii,  ter¬ 
minal  disk ;  iii,  shell. 


mantle  that  these  spaces  have  the  limits  well  marked.  In  Spirula  reticulata,  the 
reticulation  is  also  more  definite  in  this  region  as  well  as  near  the  opening  of  the  shell, 
where  the  polygons  are  more  irregular  (Fig.  A  in  the  text),  whilst  the  projections  of  the 
reticulum  vanish  insensibly  on  the  edges  of  these  openings.1 

From  without  inwards  the  mantle  presents  (besides  the  epithelium  and  the  layer  of 
chromatophores) :  first,  a  layer  of  connective  tissue,  dense  and  glassy 
superficially,  and  looser  below  ;  second,  a  thin  layer  of  longitudinal 
muscular  fibres  ;  third,  a  thick  layer  with  circular  muscular  fibres, 
traversed  by  radiating  muscular  bundles  (PL  VI.  fig.  14)  ;  fourth, 
another  thin  layer  of  longitudinal  muscular  fibres ;  and  fifth,  the 
subcutaneous  connective  tissue  of  the  internal  face. 

At  the  aboral  part  the  form  and  the  aspect  of  the  mantle  are 
modified  by  the  presence  of  the  shell,  elsewhere  almost  entirely 
covered ;  there  is  on  both  the  dorsal  and  ventral  faces  only  one 
longitudinal  opening,  in  the  form  of  an  elongated  ellipsoid,  limited 
posteriorly  by  the  “  terminal  disk.”  By  these  openings  (the  dorsal 
is  the  larger)  the  last  whorl  of  the  shell  makes  a  slight  prominence 
(PL  I-  fig-  1,  sh.).  The  external  portions  x»f  the  mantle  are  secondarily-acquired 
formations,  which  are  almost  totally  wanting  in  Nautilus  and  most  Gastropods.  The 
mantle,  properly  so-called,  is  the  little  convex  part  of  the  wall  of  the  shell  cavity, 
that  is  to  say,  the  envelope  of  the  little  visceral  sac  lodged  in  the  terminal  chamber  of 
the  shell  (PL  III.  P\)  ;  it  is  that  envelope  which  is  the  true  secreting  surface  of  the  shell. 

This  little  visceral  sac  corresponds  to  the  visceral  hernia  of 
Nautilus  and  of  the  Gastropods,  but  does  not  include  more,  however, 
than  the  posterior  half  of  the  lobes  of  the  liver  (PL  III.)  ;  it  is 
continued  backwards  by  the  membranous  siphuncle  (PL  V.  fig.  1, 
sphm.)  piercing  all  the  septa  of  the  shell,  through  the  siphonal  tubes 
of  the  shell  ( sph .)  secreted  by  it. 

The  proximal  portion  (quite  anterior)  of  the  siphuncle  is  much 
enlarged  in  Spirula  reticulata  (Fig.  B,  iv).  At  the  level  of  the 
septum  the  siphuncle  does  not  present  any  sensible  constriction.  The 
portion  enclosed  in  the  last  chamber  but  one  (consequently  in  the 
last  segment  of  the  shell-siphuncle)  was  surrounded,  in  the  Spirula 
reticulata  studied,  by  a  thick  muff  of  a  hard  substance,  recalling  by 
its  aspect  and  consistency  the  ligament  of  certain  Lamellibranchs  ;  this  mu  ft  hermetically 
filled  the  space  between  the  pallial  siphuncle  and  the  wall  of  the  shell-siphuncle  (fig.  B,  i). 


Fig.  B. — Anterior  part  of 
the  siphuncle  of  Spi¬ 
rula  reticulata,  left 
hand  side  view;  magni¬ 
fied.  i,  muff  of  the  last 
segment  of  the  mem¬ 
branous  siphuncle  ; 
ii,  membranous  si¬ 
phuncle  ;  iii,  shell- 
siphuncle  ;  iv,  anterior 
widening  of  the  si¬ 
phuncle  ;  v,  mantle. 


1  The  Spirula  “  australis ,”  examined  by  Owen  in  1879  (Ann.  Mag.  Nat.  Hist.,  ser.  5,  vol.  iii.  pi.  i.  fig- 
appears  also  to  present  a  reticulation  of  the  integuments  ;  this  character  will  not  then  be  special  to  S. 
“  reticulata.” 
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The  surface  of  the  little  visceral  sac  (the  mantle  consequently)  is  reflected  above  the 
opening  of  the  shell,  passes  into  the  wall  of  the  “  episoma  ”  clcsely  attached  to  it 
(separated  by  a  space  in  PL  V.  fig.  1),  and  evidently  secreting  (upon  the  median  line)  the 
“band  of  thickening”  (PI.  II.  fig.  7,  b).  The  mantle  thus  forms  a  shell  cavity,  closed 
on  all  sides  except  at  two  opposite  points,  the  dorsal  and  ventral  openings  of  the  shell, 
by  which  the  portions  of  the  last  whorl  of  the  shell  make  a  free  projection  outside. 

These  shell  openings,  in  short,  form  an  absolutely  natural  disposition,  although  in 
the  Challenger  specimen,  where  the  integuments  of  this  region  were  considerably  altered, 
the  margins  of  the  openings  appeared  to  be  fixed  and  to  have  thus  sent  short 

irregularly-cut  prolongations  over  the  shell  (PI.  I. 
figs.  1,  3)  ;  in  Spirula  australis  (PI.  II.  figs.  1,  2), 
and  in  Spirula  reticulata  (Fig.  C  in  the  text),  this 
margin  is  perfectly  complete  and  uniform,  and  there 
is  no  portion  of  the  integument,  however  thin  this 
may  be,  which  passes  over  the  shell,  contrary  to  the 
opinion  of  Steenstrup1  and  Owen,  according  to  whom 
the  periostracum  (shell  epidermis)  was  continuous  with 
the  epithelium  of  the  margin  of  the  pallial  openings.2 
As  one  might  expect,  this  last  assertion  is  absolutely 
incorrect.  This  periostracum  is  continuous  under  the 
mantle  over  the  whole  surface  of  the  internal  portions 
of  the  shell,  and  it  is  in  no  way  a  cellular  tissue. 

In  front  and  upon  the  sides,  the  wall  of  the  shell 
sac  is  formed  by  the  thin  “peritoneal”  membrane, 
which  constitutes  the  external  envelope  of  the  viscero- 
pericardial  cavity  (completely  separated  from  the 
shell  sac)  ;  posteriorly  it  is  formed  by  the  terminal 

Fig.  C. — Spirula  reticulata,  "with  the  pallial  cavity  _  J 

laid  open,  ventral  view ;  x  4.  i,  ventro-iatera'i  disk.  Internally  the  shell  sac  is  limited  by  the  little 

projection  of  the  edge  of  the  mantle ;  ii,  gill ;  iii,  J  J 

accessory nidamental gland ;  iv, nidamental gland ;  mantle,  properly  SO-Called  (see  above),  and  by  its 
v,  terminal  disk ;  vi,  aboral  fossa  ;  vii,  left  fin  ;  ’  r  r  J  \  /  ’  J 

continuation,  the  siphuncle  (PI.  V.  fig.  1,  sphm.), 
A  dorsal  projection  of  the  mantle  edge.  extending  as  far  as  the  first  chamber. 

Upon  the  wall  of  the  shell  sac  are  inserted  laterally  :  in  front,  the  retractor  muscles  of 
the  branchiae  (which  on  parting  from  the  branchia  are  at  first  transverse,  then  directed 
posteriorly) ;  behind,  the  muscular  bundles  of  the  fins. 

b.  Terminal  Dish. — The  terminal  disk  is  fleshy  and  covers  the  most  aboral  parts  of 
the  shell  with  a  thick  layer  of  tissue  limited  all  round  by  a  superficial  furrow  more  or  less 


1  Steenstrup,  op.  tit.,  p.  227  :  “  Shell  distinctly  covered  dorsally  and  ventrally,  where  the  skin  grew 
thin  above  it.” 

2  Owen,  Ann.  Mag.  Nat.  Hist.,  ser.  5,  vol.  iii.  p.  3. 
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deep  (PI.  II.  fig.  1  ;  and  Figs.  C,  I,  N  in  the  text).  However,  in  the  Challenger  specimen, 
the  terminal  disk,  although  as  thick  (PL  IIT.,  P3),  is  less  distinct  from  the  rest  of 
the  mantle  (PI.  I.  figs.  1-6)  than  in  the  two  other  forms,  the  furrow  above  mentioned 
being  in  it  almost  indistinguishable. 

This  disk  is  laterally  continuous  with  the  rest  of  the  mantle ;  ventrally  and  dorsally 
it  limits  aborally  the  shell  openings.  However,  in  Professor  Giard’s  smaller  specimen 
( Spirula  reticulata)  this  lateral  continuity  with  the  mantle  does  not  extend  over  so 
great  a  space  as  in  the  larger  specimen  ;  the  shell  openings  are  there  consequently 
proportionally  longer. 

Thus  in  the  adult  the  shell  tends  to  become  still  more  internal  than  in  the  young. 
On  the  other  hand  the  three  forms  ( Spirula  australis,  Spirula  reticulata,  and  Sp>irula 
peronii)  all  show  an  increasing  gradation  in  the  encroachment  by  the  mantle  on  the 
shell,  the  minimum  clorso-ventral  extension  of  the  aboral  disk  being  found  in 
Spirula  australis ,a  corresponding  to  the  maximum  length  of  the  shell  openings  and 


Figs.  D,  E,  F. — Three  schemes  of  supposed  developmental  stages  of  Spirula.  D,  in  the  embryonic  shell  ;  E,  with  a  bilocular  shell ; 
F,  with  a  quinquelocular  shell. — i,  infundibulum  ;  ii,  pallial  cavity  ;  ii',  terminal  disk  ;  iii,  shell ;  iv,  mantle  ;  v,  head. 


the  maximum  of  extension  of  that  disk ;  in  Spirula  peronii  (PI.  I.  fig.  4)  it  is 
more  completely  fused  with  the  rest  of  the  mantle,  and  at  the  same  time  the  shell 
openings  there  are  smaller  than  in  the  two  other  forms,  Spirula  reticulata  (Figs.  C, 
J,  N)  being  in  this  respect  intermediate  between  Spirula  australis  and  Spirula  peronii. 

It  is  necessary  then  to  suppose  that,  in  the  process  of  development,  the  free  margins 
of  the  mantle  are  reflected  over  the  shell,  as  in  numerous  Molluscs  (and  especially  over 
the  dorsal  side  of  the  shell  in  Nautilus ),  since  the  shell  has  gradually  become  more  and 
more  covered  (Fig.  E).  The  right  and  left  sides  of  the  mantle  evidently  must  send, 
towards  the  aboral  extremity,  prolongations  which  have  united  over  the  median  line, 
giving  rise  to  the  terminal  disk,  which  was  apparently  of  small  extent  at  first  (Fig.  F). 

It  must  not  be  supposed  that  the  shell  might  have  been  completely  enclosed  at  a  very 
early  stage,  and  that  the  dorsal  and  ventral  openings  of  the  shell  cavity  might  have  been 

1  Owen,  Ann.  Mag.  Nat.  Hist.,  ser.  5,  vol.  iii.  pi.  i.  fig.  3. 

(ZOOL.  CHALL.  EXP. - PART  LXXXIII.  — 1894.) 
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formed  later  by  the  pressure  of  the  shell  upon  the  thinnest  points  of  the  pallial  envelope  ; 
it  is  solely  on  account  of  this  pressure  that  the  mantle  has  not  completely  closed  and 
that  the  openings  have  therefore  persisted.  The  development  of  the  shell  sac  of  other 
Cephalopods  ( Sejrici ,  Loligo )  takes  place  in  an  essentially  similar  manner,  except  that 
the  edges  join  not  only  in  one  part  but  throughout  their  whole  length. 

The  terminal  disk  is  remarkable  for  the  organs  which  it  carries  :  Fins  and  Aboral  Fossa. 

a.  Fins. — The  fins  are  relatively  small,  rounded,  almost  semicircular,  longer  in  the 
“  dorso-ventral  ”  direction  than  in  the  cephalo-caudal  (PI.  I.  fig.  1  ;  PI.  II.  fig.  2 ;  Fig.  J 
in  the  text).  Their  muscular  mass  is  not  attached  to  the  cartilaginous  supports,  as 
in  the  other  Decapods,  the  fibres  being  inserted  directly  on  the  shell  sac.  The  fins  of 
Spirula  are  characterised  by  their  direction  and  situation. 

*  Direction. — The  fins  are  parallel  to  the  median  sagittal  plane,  inserted  to  the 
right  and  left  of  the  terminal  disk,  and  not  arranged  in  the  same  right  and  left  horizontal 
plane  as  is  the  case  with  other  Dibranchiate  Cephalopods  ;  they  are  thus  to  the  fins 
of  other  Dibranchiates  much  as  the  tails  of  fishes  are  to  those  of  Cetaceans. 

Situation  at  the  posterior  part  of  the  body. — In  the  Cephalopods  which  have  been 
most  generally  studied  [Sepia,  Loligo,  &c.),  the  fins  extend  in  the  direction  just  indicated 
along  a  rather  considerable  length  of  the  sides  of  the  mantle.  Nevertheless  the  dis¬ 
position  presented  in  Spirula  cannot  be  considered  as  a  state  of  reduction  or  of  retro¬ 
grade  development.  In  fact  in  Nautilus,  where  the  shell  is  quite  external,  there  are  no 
fins.  In  the  CEgopsids,  such  as  Ommatostrephes,  the  most  archaic  of  living  Dibranchiate 
Cephalopods,  the  two  fins  are  at  the  posterior  extremity,  attached  side  by  side  on  the 
median  dorsal  line  (where  they  cannot  be  attached  in  Spirula,  on  account  of  the  opening 
of  the  shell  cavity),  and  do  not  extend  so  far  forward  as  in  the  other  Decapods,  in  which 
the  line  of  attachment  is  by  degrees  removed  from  the  median  dorsal  line  ( Loligo ) 
towards  the  sides  where  the  fins  extend  over  a  greater  and  greater  length  ( Sepioteuthis , 
Sepia).  On  the  other  hand,  in  the  development  of  Decapods  with  long  fins  ( Loligo , 
Sepia),  as  well  as  in  the  others,  these  organs  are  found  originally  situated  at  the  aboral 
extremity,  as  in  the  adult  Spirula,  and  are  there  separated  by  a  space  of  greater  or  less 
extent  (Figs.  G,  H).  Spirula  thus  presents  the  most  primitive  state  of  the  fins  of 
Cephalopods. 

P-  Aboral  Fossa.— Between  the  two  fins  in  the  middle  of  the  terminal  disk  is  found 
a  rounded  opening  (PI.  I.  fig.  4  ;  PI.  II.  fig.  3),  which  in  Professor  Giard’s  specimen 
appears  rather  elongated  across  (apparently  by  deformation,  see  Fig.  I  in  the  text). 

This  opening  leads  into  a  cavity  of  greater  diameter  than  that  of  the  orifice  (PI.  II., 
fs.]  PI.  VI.  fig.  14).  This  cavity  is  occupied  by  a  conical  papilla,  the  summit  of  which 
in  certain  individuals  projects  a  little  to  the  outside  (PI.  VI.  fig.  14).  This  papilla 
presents  a  peculiar  structure,  but  the  state  of  preservation  of  the  two  specimens  studied 
unfortunately  prevents  a  very  detailed  description.  The  two  figures  relative  to  this 
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structure  (PI.  VI.  figs.  14  and  15)  are  made  from  the  Challenger  specimen  ;  Professor 
Giard’s  specimen  showed  the  same  conformation  except  that  the  papilla  in  it  was  less 
voluminous. 

The  base  of  the  conical  papilla  is  formed  by  a  lenticular  body  of  fibrous  tissue  (PL  VI. 
fig-  14,  l )  presenting  nuclei  among  the  fibres  (PI.  VI.  fig.  16).  A  layer  of  bright  glassy¬ 
looking  substance  (PL  VI.  figs.  14  and  15,  m),  resembling  the  elastic  tissue  of  Vertebrates, 
covers  the  aboral  surface  of  the  lenticular  body,  and  extends  over  the  whole  central  mass 
of  the  papilla,  which  it  thus  bounds  ;  this  layer  appears  to  become  thin  near  the 
,  summit  of  the  papilla,  but  it  must  be  remembered  that  in  the  two  individuals  studied 
this  summit  was  very  much  damaged. 

Finally,  a  layer  of  fibres,  very  probably  muscular,  radiates,  in  front  of  the  lenticular 
body,  from  the  centre  to  the  periphery  (PL  VI.  figs.  14  and  15,  r). 


Fig.  G. — Embryo  of  Loligo,  dorsal 
view ;  magnified,  i,  arms ;  ii, 
mantle ;  iii,  fins  ;  iv,  eye. 


Fig.  H. — Embryo  of  Sepia,  dorsal  view  : 
magnified,  i,  arms ;  ii,  mouth  ;  iii. 
eye  ;  iv,  fin. 


Fig.  I.— Aboral  view  of  Spirula  reti¬ 
culata  ;  x  2.  i,  left  fin  ;  ii,  aboral 
fossa  ;  iii,  ventral  external  part  of 
the  shell ;  iv,  terminal  disk ;  v, 
mantle  ;  vi,  dorsal  external  part 
of  the  shell. 


Function  of  the  Fossa. — The  conformation  of  this  organ  has  remained  unknown  up 
to  this  time,  though  various  authors  have  expressed  the  opinion  that  it  is  an  adhesive 
apparatus,  founded  on  a  supposed  observation  of  Rumphius,  according  to  whom  “  Spirula 
attaches  itself  to  rocks  by  its  terminal  disk.”  Now  Rumphius  makes  no  mention  of  the 
terminal  disk  nor  of  the  fossa  (op.  cit.,  p.  68),  nor  indeed  of  any  other  external  part  of 
Spirula.  It  is  certain,  as  I  have  already  pointed  out,  that  if  he  saw  any  parts  they  were 
only  very  unimportant  fragments.  According  to  his  obscure  text  one  must  conclude  that 
he  believed  that  Spirula  fixed  itself  to  rocks  by  the  mouth  ;  he  knew  the  siphuncle  and 
the  immediately  adjacent  parts,  contained  in  the  last  chamber  of  the  shell,  and  he  supposed 
that  the  siphuncle  traversed  the  whole  animal,  which  fixed  itself  by  the  oral  extremity 
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with  the  aid  of  this  little  organ.  It  is  now  necessary  to  abandon  this  idea,  for  there  is 
no  evidence  that  Spirula  fixes  itself  by  its  aboral  extremity. 

There  is  besides  nothing  in  the  fossa  and  its  papilla  which  recalls  the  structure 
of  an  acetabulum  or  sucker,  especially  there  are  no  retractile  muscles  at  the  bottom 
of  the  cavity.  Nor  is  this  fossa  a  mucous  pore,  as  other  authors  have  supposed  ; 
there  is  no  trace  of  special  glandular  apparatus.  Its  functions  still  remain  very 
problematical.  One  might  perhaps  suppose  that  the  papilla  is  a  protective  prominence  ; 
we  know  that  owing  to  the  rapid  swimming  of  Cephalopods,  being  retrograde,  their  aboral 
extremity  is  much  exposed.  And  Spirula,  having  a  well-developed  funnel,  is  organised 
for  swimming  backwards,  like  the  other  Dibranchiates,  and  its  terminal  papilla  has 


VIII  VII 


Fig.  J. — Left  view  of  Spirula  reticulata  (the 
internal  part  of  the  shell  and  the  visceral 
sac  represented  by  broken  lines)  ;  x  2.  i, 
pallial  cavity  ;  ii,  ventral  external  part  of 
the  shell ;  iii,  terminal  disk  ;  iv,  fin  ;  v, 
dorsal  external  part  of  the  shell ;  vi,  last 
septum  ;  vii,  dorsal  projection  of  the 
mantle  edge;  viii,  ventro-lateral  projection 
of  the  mantle  edge. 


Fig.  Iv. — Part  of  the  external  face  of  the 
shell  of  Spirula ;  x  90. 


precisely  the  situation  of  an  organ  of  protection  for  the  aboral  extremity.  In  the 
majority  of  Decapods  this  situation  is  occupied  by  the  point  of  the  rostrum.  Still,  on 
the  hypothesis  that  in  the  living  animal  this  papilla  would  be  covered  by  a  small 
external  shell,  it  does  not  appear  that  one  could  see  in  this  the  homologue  of  the  rostrum 
of  the  Decapods,  since  the  latter  is  formed  in  the  shell  sac. 

c.  Shell. — The  shell  of  Spirula,  being  very  common,  can  be  easily  studied,  and  is 
well  known  to  zoologists.  Therefore  it  is  not  proposed  to  dwell  on  this  subject,  except 
in  so  far  as  concerns  the  relations  of  the  shell  to  the  animal. 

In  the  adult  it  is  as  we  know  multicellular,  siphonated,  and  rolled  like  a  spiral,  in  a 
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median  sagittal  plane,  but  it  is  necessary  to  notice  that  this  rolling-up  is  ventral  or 
“  endogastric.” 1  The  greater  part  of  the  shell  is  covered  by  the  mantle,  except 
at  the  two  orifices  indicated  above.  In  Spirula  reticulata  (Fig.  J)  the  shell  extends 
further  forward,  under  the  integuments,  than  in  Spirula  peronii  (PI.  III.),  the  three 
last  septa  being  hidden. 

The  shell  is  entirely  covered  by  a  periostraeum  continuous  over  the  whole  surface. 
The  external  face  of  the  shell  is  not  smooth,  as  in  the  majority  of  internal  shells,  but 
irregularly  reticulated  (Fig.  K)  in  Spirula  peronii,  Spirula  reticulata,  and  in  all  the  dry 
shells  I  have  been  able  to  examine  (in  the  mesh  of  this  reticulum  is  another  slighter 
reticulation  formed  by  a  fine  broken  line).  On  the  last  whorls  this  reticulation  is  not 
recognisable  except  upon  a  little  more  than  the  half  of  the  convex  face.  On  the  concave 
face,  especially  in  the  first  portions  of  the  spire  (PI.  II.  fig.  7),  there  is  a  median  external 
band  of  thickening. 

The  septa  have  a  curved  surface,  with  the  convexity  directed  towards  the  summit  of 
the  spire  (PI.  II.  figs.  5,  6).  Their  structure  shows  that  they  are  attached  to  the 
internal  face  of  the  shell  by  a  thin  margin  directed  forwards.  They  are  therefore  distinct 
formations,  but  it  is  scarcely  probable  that  they  are  much  more  recent  than  the  portions 
of  the  shell  to  which  they  are  immediately  adjacent,  for  in  the  specimen  of  Spirula 
reticulata  studied,  the  last  chamber  was,  so  to  speak,  without  depth  (see  Fig.  J,  vi)  ;  the 
septum  was  then  formed  near  the  free  margin  of  the  shell.  At  the  level  of  the  first 
septum  a  constriction  is  observed  (PI.  II.  fig.  7),  less  and  less  marked  further  on, 
which  leads  one  to  suppose  that  during  the  first  stages  of  its  existence  the  successive 
openings  of  the  shell  were  somewhat  narrowed. 

The  initial  chamber  is  spherical  with  a  larger  diameter  than  those  which  immediately 
follow.2  This  “  apical  chamber  ”  is  the  true  primitive  embryonic  shell ;  it  follows 
from  its  form  that  the  young  Spirula  had  (as  is  likewise  observed  in  the  earliest  stages 
of  Dibran chiates)  a  spheroidal  visceral  mass  (episoma)  with  a  complete  external  shell  (see 
Fig.  D).  The  form  and  the  relations  of  the  shell  to  the  mantle  must  only  have  been 
changed  later  on,  with  growth,  after  the  manner  indicated  by  the  figures  D  to  F  above. 

The  siphuncle  is  situated  on  the  concave  side  (“  ventral  ”  for  the  later  chambers)  of  the 
shell,  and  attached  to  the  wall  of  that  side  (PI.  II.  fig.  7).  The  various  segments 
(portions  comprised  between  two  successive  septa),  especially  in  the  last  whorls,  are 
inflated  in  the  half  turned  towards  the  opening  (PI.  II.  fig.  5  ;  PI.  Y.  fig.  1).  Each 
segment  is  directly  continuous  with  the  septum  which  is  “  anterior  ”  to  it  (that  is  to 
say,  formed  after  it)  or  situated  nearer  the  opening  (PI.  II.  fig.  5).  The  septa  do 

1  The  other  Molluscs  with  rolled-up  univalve  shells  present,  when  they  have  not  undergone  torsion,  a 
dorsal  or  “  exogastric  ”  rolling  up,  e.g.,  adult  Nautilus,  embryonic  Patella  and  Fissurella. 

2  Certain  authors  call  it  “  ovisac  ”  ;  it  exists  not  only  in  other  Dibranchiates  (Belemnitidse,  &c.),  but  also 
in  the  Ammonites. 
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not  present  siphonal  necks,  but  each  segment  of  the  siphuncle  is  joined  to  the  subsequent 
one  (that  which  is  formed  after  it)  by  a  sort  of  “  cogwheel,”  more  or  less  regular,  which  is 
found  at  the  aboral  extremity  of  the  former,  spreading  a  little  over  the  concave  surface  of 
the  septa  (PI.  II.  figs.  4  and  6),  and  thus  preventing  the  penultimate  chamber  from  com¬ 
municating  with  the  siphonal  cavity.1  The  apical  extremity  of  the  siphuncle  is  a  caecum 
making  a  small  prominence  in  the  interior  of  the  initial  chamber  (PI.  II.  fig.  7,  psph.)  ; 
from  this  caecum  a  sort  of  ligament,  situated  in  the  median  sagittal  plane,  runs,  while 
enlarging,  to  the  wall  of  the  initial  chamber  (prosiphonal  ligament  or  “  prosiphuncle,” 
PI.  II.  fig.  7,  c.).  We  can  only  make  conjectures  as  to  the  nature  and  function 
of  this  “  ligament.”  But  it  evidently  cannot  have  had  the  function  of  siphuncle  in  the 
embryo  ;2  the  embryo  with  a  single  chamber  cannot  have  had  any  kind  of  siphuncle, 
and  from  the  formation  of  the  second  chamber  the  true  siphuncle  was  constituted. 

The  fact  that  in  our  Spirula  reticulata  the  last  chamber  is  so  shallow  renders  it 
probable  that  the  increase  of  the  shell-siphon  is  intermittent,  and  that  each  segment  of  the 
siphuncle  does  not  originate  much  before  the  septum  which  is  topographically  anterior  to  it. 

d.  Pallia 1  Cavity. — The  pallial  cavity  is  widely  open,  the  margin  of  the  mantle  not  being 
at  any  point  united  to  the  cephalopedal  mass.  But  it  is  considerably  less  deep  than  in  the 
other  Dibranchiates  ;  the  presence  of  the  shell  prevents  its  extension  on  the  median  line  (PI. 
I.  fig.  6  ;  Pis.  III.  and  IV.),  and  even  on  the  sides  it  does  not  extend  very  much  further 
(PI.  IV.  figs.  1  and  3,  a).  In  Nautilus  likewise  the  pallial  cavity  does  not  extend  so  far 
backwards  as  in  the  other  Cephalopods.  Upon  the  “  visceral  ”  face  of  the  pallial  cavity, 
at  the  very  posterior  extremity,  are  found  (in  the  female)  the  nidamental  glands  (PI.  I.  fig. 
6,  n.g.,  &c.).  In  front,  and  partially  concealed  by  the  anterior  extremity  of  these  glands, 
are  glandular  prominences  (PI.  I.  fig.  7,  x  ;  Fig.  C  in  the  text,  iii),  apparently  accessory 
nidamental  glands  (see  further  on,  Reproductive  System) ;  the  left  one  partly  hides  the 
extremity  of  the  oviduct  (Fig.  C,  ix).  In  Spirula  peronii  and  Spirula  australis  (PI.  I. 
fig.  7  ;  PI.  II.  fig.  1)  the  anus  opens  between  these  two  prominences  on  the  level  of 
their  anterior  margins,  whilst  in  Spirula  reticulata  it,  as  well  as  the  two  neighbouring 
sessile  renal  openings  (Fig.  R),  is  hidden  on  the  median  line  behind  these  two  prominences, 
which  are  almost  in  contact ;  between  the  two  prominences  there  is  seen,  beneath  the 
integuments,  the  ink  bag  (Figs.  C  and  R,  iii).  The  glandular  extremity  of  the  oviduct 
projects  between  the  left  gill  and  the  glandular  prominence,  behind  which  it  sinks  and 
opens  obliquely  (Fig.  R,  vii). 

The  gills  are  situated  quite  laterally  (PI.  IV.  fig.  3,  bd),  less  ventrally  than  in  other 
Cephalopods.  They  are  relatively  small,  and  present  about  twenty-five  pairs  of  leaflets. 

1  The  remarkable  radiating  structure  of  the  siphuncle  of  certain  palaeozoic  Cephalopods  is  perhaps 
comparable  to  it. 

2  Munier-Ch almas,  Sur  le  developpement  du  phragmostracum  des  Cephalopodes  et  sur  les  rapports 
zoologiques  des  Ammonites  avec  les  Spirules  ( Comjptes  rendus,  t.  lxxvii.,  1873,  p.  1559). 
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Their  axis  rises  between  the  nidamental  glands,  properly  so-called,  and  the  accessory 
glands.  These  organs  are  retained  at  the  internal  face  of  the  mantle  at  the  dorsal  side 
of  their  axis,  by  a  support  (“  pallio- branchial  ligament,”  PI.  I.  fig.  6,  pb.),  upon  which 
no  “  spleen  ”  or  blood-gland  is  to  be  observed.  In  front  of  the  branchial  support,  and 
more  ventrally,  the  internal  face  of  the  mantle  shows  a  lateral  cartilaginous  prominence 
(“  button  ”  of  the  resistance  apparatus)  ;  an  elongated  prominence  of  the  same  appear¬ 
ance  exists  (at  least  in  Spirula  reticulata')  on  the  dorsal  side  of  the  internal  face  of  the 
mantle,  on  the  median  line,  anteriorly,  opposite  to  the  middle  of  the  infundibular  collar. 

II.  Nervous  System. 

As  in  all  Cephalopods  (including  Nautilus )  the  central  nervous  system  is  situated 
around  the  oesophagus  behind  the  buccal  bulb  (PI.  IIP),  and,  as  in  the  Dibranchiates, 
this  nervous  system  is  contained  in  a  cartilaginous  capsule  (PI.  V.  figs.  1,  3),  which  was 
treated  of  above.1 

Setting  aside  the  enormous  optic  ganglia  (PI.  V.  fig.  2,  o.g.),  which  occupy  the 
right  and  left  sides  of  the  central  nervous  mass,  we  recognise  in  this  last  the  following 
ganglia  : — (A)  One  pair  of  supra-oesophageal :  cerebral  ganglia  (PI.  V.  figs.  1,2,  3,  g.c.),  and 
(B)  three  pairs  infra-oesophageal :  ( a )  anterior  :  brachial  ganglia  ( g.p' .) ;  (b)  median :  pedal 
ganglia  ( g.p .)  ;  ( c )  posterior  ;  pleuro-visceral  or  “  chlamydo-splanchnic  ”  ganglia  ( g.ch.s .). 

Besides,  it  is  necessary  to  distinguish  still  another  little  pair,  anterior  supra-cesopha- 
geal,  called  “superior  buccal”  ( s.b.g .),  far  removed 
from  the  cerebral  centres,  as  in  the  (Egopsids  (Fig. 

L,  ix),  although  in  the  Sepiidse  they  are  very  much 
nearer,  and  in  the  Octopods  they  are  fused  with 
them,  forming  the  anterior  part.2 

These  “  superior  buccal  ”  ganglia  are  united 
to  the  cerebral  ganglia  by  long  connective  cords  ; 
in  the  Challenger  specimen  the  left  connective  cord 
shows  the  peculiarity  of  being  double  (PI.  V.  fig.  2). 

The  connective  cords  uniting  the  superior  buccal 
ganglia  to  the  brachial  centres  have  not  been  seen 
and  have  probably  escaped  notice ;  but  the  cerebro- 
brachial  cords  have  been  observed  and  are  rather  long  (PI.  Y.  fig.  4,  x). 

1  Ventrally  and  laterally  the  central  nervous  system  is  surrounded  and  separated  from  the  cartilage  by 
a  glandular  looking  substance  (PI.  III.,  ad.,  and  PI.  V.  fig.  1),  as  in  other  Dibranchiates  (where  it  is  called 
“  white  body  ”),  the  microscopic  examination  of  which  suggests  that  it  is  a  blood  gland. 

2  The  facts  that  this  segmentation  of  cerebral  centres  exists  in  a  form  so  archaic  as  Spirula,  and  that  the 
superior  buccal  ganglia  resulting  therefrom  are  very  far  removed  from  the  cerebral  ganglia  properly  so-called, 
prove  that  the  disposition  presented  by  the  Octopods  is  not  the  primitive  one. 


Fig.  L. — Central  nervous  system  of  Ommatostreph.es 
pteropus,  left  hand  side  view;  magnified,  i, 
buccal  mass  ;  ii,  brachial  ganglion  ;  iii,  pedal 
ganglion;  iv,  pleuro-visceral  ganglion ;  v,  posterior 
salivary  glands  ;  v',  oesophagus  ;  vi,  section  of 
the  optical  nerve  ;  vii,  cerebral  ganglion  ;  viii, 
stomato-gastric  ganglion  ;  ix,  “  superior  buccal  ” 
ganglion  ;  x,  anterior  salivary  gland,  uncovered. 
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These  are  the  only  connective  cords  visible  externally,  the  others  (cerebro-pedal  : 
cpc. ;  cerebro-plenral :  cchc. ;  pleuro-pedal  :pchc.)  being  hidden  under  the  cellular  coating 
of  the  centres.  It  is  true,  however,  that  the  shrunken  part  binding  together  the 
brachial  and  pedal  ganglia,  which  are  far  apart  from  one  another,  may  be  called  the 
brachio-pedal  connective  cord,  as  in  the  (Egopsids.  But  these  brachial  centres 
(innervating  the  arms  by  their  anterior  part)  and  pedal  centres  (innervating  the  funnel 
by  their  postero-ventral  part)  only  constitute  a  single  pair  of  ganglia  as  has  been  already 
proved  by  the  development.1 

In  the  pleuro-visceral  centres  should  be  distinguished : — 

A.  The  pleural  (lateral),  from  which  arise  the  pallia!  nerves  ( pl.n .)  ;2  and 

B.  The  true  visceral  ganglia,  from  which  arise  the  visceral  nerves  (PI.  III.  and 
PI.  V.,  v.n.). 


iv 


Fig.  M. — Pedo-brachial  connective  of  Ommatostrephes  pteropus ;  left-hand  side  view,  magnified,  i,  brachial  nerves ;  ii, 
part  of  a  brachial  nerve  coming  from  the  pedal  ganglion  ;  iii,  pedal  ganglion  ;  iv,  brachial  ganglion. 


These  latter  nerves,  which  arise  separately  (PI.  V.  fig.  2,  v.n.),  could  not  be  followed  in 
Spirula  peronii.  In  Spirilla  reticulata  it  has  been  shown  that  they  are  closely  united 
(Fig.  S,  xi)  to  the  back  of  the  anus,  in  the  same  manner  as  in  the  (Egopsids,  and  not 
by  a  long  “commissure”  as  in  Sepia.  They  do  not,  however,  at  their  point  of 
junction  form  a  true  ganglion,  as  in  the  first  mentioned.  From  this  junction  arise 

1  In  Ommatostrephes  pteropus  and  lllex  coindeti,  examined  for  comparison  with  Spirula ,  are  found,  at  the 
surface  of  the  pedo-brachial  connective,  ten  nervous  bundles  coming  from  the  pedal  centres  properly  so-called, 
and  going  each  to  be  joined  to  one  of  the  brachial  nerves  (Eig.  M).  There  is  then  no  need  of  histological 
researches  (like  those  of  Owsjannikow  and  Kowalevski,  Ueber  das  central  nervensystem  und  das  Gehororgan 
der  Cephalopoden,  Mem.  Acad.  d.  Sci.  St  Petersbourg,  ser.  7,  t.  xi.,  1867  ;  and  of  Jatta,  La  innervazione  delle 
bracchia  dei  Cefalopodi,  Boll.  Soc.  Natur.  Napoli,  anno  3,  1889)  to  show  that  the  pedal  ganglion  (or  of  the 
funnel)  contributes  to  innervate  the  arms.  A  similar  disposition  has  already  been  observed  in  other  (Egopsids 
by  Hancock  (On  the  nervous  system  of  Ommastrephes  todarus,  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  x.,  1852,  p.  2), 
Posselt  (Todarodes  sagittatus  [Lamk.]  Stp.,  Vidensh.  Meddel.  naturh.  Foren.,  1890,  p.  238),  and  Appellof 
(Teuthologische  Beitrage,  ii.,  Bergens  Museums  Aarsberetning,  1890,  p.  8). 

2  In  the  paper :  Pelseneer,  Sur  la  valeur  morphologique  des  bras  et  la  composition  du  systeme  nerveux 
central  des  Cephalopodes  (Arch,  de  Biol.,  t.  viii.,  1888),  the  ganglionic  swellings  from  which  arise  the  pallial 
nerves  have  been  interpreted  as  anterior  visceral  (p.  752),  and  the  value  of  pleural  centres  was  refused  to 
them  (p.  749).  A  re-examination  has  made  evident  that  all  the  visceral  ganglionic  elements  form  a  single 
median  mass  and  that  the  pleural  centres  are  indeed  those  from  which  arise  the  pallial  nerves. 
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posteriorly,  thin  threads  proceeding  towards  the  heart  and  the  kidneys,  and  transversely 
to  the  right  and  left  a  branchial  nerve  which  penetrates  into  the  branchial  axis,  without 
swelling,  at  its  base,  into  an  “  olivary  ”  ganglion.1 

As  to  the  pallial  nerves,  they  proceed  from  lateral  portions  (pleural  ganglia)  of  the 
posterior  infra-oesophageal  mass ;  they  are  exceedingly 
strong  (PI.  Y.  pl.n.  ;  Fig.  N,  x),  directed  towards  the 
dorsal  side,  traversing  the  wall  of  the  “mesosoma”  and 
arriving  at  the  mantle,  at  the  very  point  where  the  latter 
is  joined  to  this  mesosoma ;  at  this  point  they  form,  as  in 
all  the  Dibranchiates,  “stellate”  pallial  ganglia,  without 
being  bifurcated  before  entering  into  these.2 

The  two  stellate  ganglia  are  united  by  a  curved  commis¬ 
sure  (with  anterior  concavity),  very  thin  (Fig.  N,  iv),  but 
appearing  stronger  because  it  is  joined  to  a  venous  trunk, 
which  the  nervous  cord  accompanies  through  all  its  course, 
passing  to  the  surface  of  the  mesosoma  covering  the  anterior 
extremity  of  the  shell ;  from  the  middle  of  the  curve  there 
arise  a  vein  and  a  nerve  directed  forwards  (Fig.  N,  ii), 
which,  passing  over  the  dorsal  margin  of  the  shell  opening, 
become  recurrent  and  run  along,  following  the  median  line, 
the  part  of  the  mantle  contained  in  the  last  chamber  of  the 
shell,  the  venous  trunk  emptying  itself  into  the  vena  cava 
(see  Circulatory  System). 

This  commissure,  with  its  median  nerve,  ought  to  be 
considered  as  formed  by  the  two  original  pallial  nerves  of 
Cephalopods  fused  together,  and  the  larger  pallial  nerves 
situated  beyond  the  stellate  ganglia  (innervating  especially  the  fins ;  Fig.  N,  iii)  are 
adventitious  formations  necessitated  by  the  great  development  of  the  margins  of  the 

1  Homologue  of  the  osphradial  ganglion  of  other  Molluscs,  but  not  functionally  equivalent ;  in  various 
Cephalopods  this  “  olivary  ”  or  branchial  ganglion  is  rather  superficial  (example,  Eledone ),  but  it  does  not  send 
nervous  fibres  to  the  subjacent  epithelium,  and  this  does  not  contain  any  special  sensorial  cells.  The  fact 
that  the  osphradium  has  not  yet  taken  its  rise  in  Cephalopods  is  explained  by  the  presence  of  the  olfactory 
rhinophoric  fossa  at  the  entrance  of  the  pallial  cavity  on  the  side  where  respiratory  water  enters,  which 
renders  a  second  olfactory  organ  (osphradium  properly  so-called)  useless.  The  interbranchial  papilla  of 
Nautilus,  identified  by  Lankester  and  Bourne  {Quart.  Journ.  Micr.  Sei.,  vol.  xxiii.  p.  343,  1883),  with  the 
osphradium  of  Molluscs,  is  not  itself  a  sensorial  organ,  and  does  not  contain  any  ganglion  homologue  of 
the  osphradial  centre.  But  it  appears  to  constitute  simply  a  protective  apparatus  of  a  sensorial  region, 
situated  on  the  portion  of  the  internal  face  of  the  mantle  immediately  anterior  to  the  papilla,  which  is 
inclined  above  it ;  in  this  region  a  branch  of  the  branchial  nerve  is  divided  into  very  numerous  twigs,  which 
send  a  great  many  bundles  to  the  epithelium. 

2  As  well  as  in  “  Loligopsis  ”  ( Leacliia ),  according  to  Grant  (On  the  structure  and  characters  of 
Loligopsis,  Trans.  Zool.  Soc.  London,  vol.  i.,  1833). 

(ZOOL.  CHALL.  EXP. — PART  LXXXIII. — 1894.) 


Fig.  N. — Spirula  reticulata,  dorsal  view, 
the  anterior  part  of  the  mantle  re¬ 
moved  on  this  side  (the  internal  part 
of  the  shell  shown  by  a  broken  line) ; 
x  4.  i,  mantle  edge ;  ii,  median 
nerve  ;  iii,  nerve  of  the  fin  ;  iv,  oom- 
missure  of  the  stellate  ganglia;  v,  fin  ; 
vi,  terminal  disk  ;  vii,  dorsal  external 
part  of  the  shell ;  viii,  internal  part 
of  the  shell ;  ix,  stellate  ganglion  ;  x, 
pallial  nerve. 
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mantle  which  have  overrun  the  shell.  This  union  of  the  two  primitive  pallial  nerves 
explains  the  origin  of  the  “  commissure  ”  of  the  stellate  ganglia,  so  well  developed  in  all 
the  (Egopsids,1  already  reduced  in  Loligo ,2  and  still  more  so  in  the  adult  Sepiola 
(better  marked  in  the  embryos3),  and  finally  disappearing  in  the  Sepiidse  and  Octopods  ; 
by  the  disappearance  of  the  pallial  siphon  and  the  primitive  mantle,  the  median  nerve 
has  been  lost,  the  “  commissure”  not  being  then  any  longer  carried  forward  by  this  nerve 
has  not  preserved  its  curvature,  has  become  more  posterior,  and  has  passed  into  the 
mantle  where  it  joins  the  two  ganglia  in  a  straight  line.4 

Behind  the  stellate  ganglia,  the  pallial  nerves,  preserving  sensibly  their  diameter  (PI. 
Y.  figs.  1 ,  2,  6,  f.n ;  Fig.  N,  iii),  are  directed  posteriorly  in  running  along  the  wall  of 
the  shell-sac,  but,  immediately  on  leaving  the  ganglia,  they  give  rise  to  a  thinner 
latero- ventral  trunk  (PI.  Y.  fig.  6),  innervating  the  mantle,  and  to  another  much  larger 
one,  which  arrives  at  the  fins,  where  it  expands  by  dividing  to  an  extraordinary  extent, 
without,  however,  presenting  ganglionic  swellings  (PI.  Y.  fig.  6). 

Stomato-Gastric  System. — In  the  Challenger  specimen  (the  only  one  examined  which 
was  provided  with  a  head),  the  “  inferior  buccal  ”  ganglia,  or  stomato-gastric  ganglia,  have 
not  been  seen  ;  they  were  apparently  situated  under  the  superficial  muscular  layer  of  the 
buccal  bulb  (as  they  are  in  some  degree  in  certain  Ommatostrephidse).  There  can  be 
no  doubt  of  their  existence ;  two  parallel  stomato-gastric  nerves  run  along  the  ventral 
face  of  the  oesophagus  and  end  in  the  large  gastric  ganglion  (PL  VI.  figs.  2,  3,  gl.). 

Sense  Organs.— The  olfactory  pits,  the  otocysts,  and  the  eyes  are  well  developed. 

A.  The  olfactory  pit  is  situated  quite  at  the  back  of  the  ocular  prominence,  at 
the  junction  of  the  lateral  and  ventral  faces  of  the  head  (PI.  I.  fig.  6,  ol.  ;  PI.  II.  fig.  1, 
ol.).  It  is  limited  by  a  slightly  elevated  margin  in  the  interior  of  which  the  bottom 
projects  in  the  form  of  a  papilla,  the  whole  having  thus  the  aspect  of  a  “  circumvallate 
papilla”  of  the  tongue  of  mammals  (PI.  VI.  fig.  II).5 

B.  The  otocyst  is  situated  between  the  wings  of  the  “  cranial  ”  cartilage  and  the 

1  For  example,  in  Ommatostrephes  (Hancock,  op.  cit.). 

2  Yon  Jhering,  Vergleichende  Anatomie  des  Nervensystemes  und  Phylogenie  der  Mollusken,  p.  257,  1877. 

3  Joubin,  Recherches  sur  la  coloration  du  tegument  cliez  les  Cephalopodes  {Arch,  de  Zool.  Exper.,  s^r. 
2,  t.  x.  p.  306,  1894). 

4  The  pallial  nerves  may  then  be  joined  to  one  another  on  the  dorsal  side  of  the  digestive  tube,  as  they  are 
likewise  in  the  Lamellibranchs,  behind  and  at  the  back  of  the  rectum ;  this  enables  us  to  understand  the  supra- 
rectal  commissure  of  the  Amphineura  {Chiton,  &c.),  in  the  identification  of  which  were  found  certain  difficulties 
(see  especially  Lang,  Lehrbuch  der  Yergleichenden  Anatomie,  p.  711,  1892  ;  Bouvier  and  Fischer,  Recherches  et 
considerations  sur  1’Asym^trie  des  Mollusques  univalves  [ Journ .  de  Conchyl.,  t.  xxxii.  pp.  200,  201,  1892]; 
Grobben,  Zur  Kenntniss  der  Morphologie,  der  Verwandtschaftsverhaltnisse  und  des  Systems  der  Mollusken 
[Sitzungsber.  Akad.  Wiss.  Wien,  Math.  Naturw.  Cl.,  Bd.  ciii.  p.  85,  1894]).  It  is  only  a  junction  like  that,  of 
the  pallial  nerves  and  in  no  way  homologous  to  the  visceral  commissure  ;  the  Amphineura  thus  re-enter  into 
the  common  plan  of  organisation  of  the  Molluscs. 

5  The  central  prominence  is  probably  the  point  of  departure  of  the  rhinopliore  in  form  of  papilla  of  certain 
CEgopsids  {Chiroteuthis,  Doratopsis). 


REPORT  ON  SPIRULA. 


19 


median  and  posterior  infra-oesophageal  ganglia  (PL  III.  Alt.;  PL  Y.  fig.  3,  Au.).  It  is 
filled  with  a  clear  liquid  and  contains  a  great  otolithic  mass ;  the  walls  are  of  very  great 
delicacy. 

C.  The  eye  is  joined  to  the  interior  of  the  ocular  chamber,  in  the  first  place  by  the 
sclerotic  ligament  (PL  VI.  fig.  13,  sc.lig.),  and  in  the  second  place  by  the  fibres  of  the 
optic  nerve  traversing  the  perineural  cartilage  which  bounds  the  posterior  and  superior 
sides  of  the  orbit. 

The  great  ocular  sphere  is  thus  completely  separated  from  the  ocular  chamber  in  which 
it  is  enclosed,  and  which  opens  externally  by  the  palpebral  or  “  corneal  ”  orifice  (PL  VI. 
fig.  13,  ap.).  It  is  really  a  pedunculated  eye,  enclosed  in  the  sides  of  the  head,  as  is  the 
case  in  all  the  Dibranchiates.  Spirula  is  therefore  with  regard  to  the  eye  a  typical 
CEgopsid,  contrary  to  the  assertions  of  Gray1  and  Steenstrup.2 

The  palpebral  opening  is  irregularly  oval,  angular  inferiorly  and  in  front ;  it  measures 
one-tenth  of  an  inch  at  its  long  diameter.  The  iris 3  has  two  concentric  layers  of  deep 
brown  pigment ;  the  “  pupilary  ”  opening  is  relatively  very  small,  and  the  centre  of  the 
great  crystalline  lens  (rendered  opaque  by  the  action  of  the  alcohol)  entirely  fills  it. 

III.  Digestive  System. 

The  mouth,  situated  in  the  middle  of  the  oral  disk,  is  surrounded  by  two  lips,  of  which 
the  exterior  is  the  thickest  (PL  III.,  l.e.).  The  internal  surface  of  the  two  lips  is  provided 
with  compact  longitudinal  folds. 

The  mandibles  have  a  horny  aspect,  a  sharply-cutting  margin,  and  a  dark  brown- 
black  colour,  as  in  the  other  Dibranchiates.  From  the  middle  of  the  floor  of  the  buccal 
cavity,  enclosed  by  the  mandibles,  arises  a  prominence  almost  entirely  filling  this  cavity. 
A  transverse  dorsal  depression  divides  this  prominence  into  two  masses,  one  anterior 
and  the  other  posterior ;  the  anterior  one  is  soft  and  papillary,  representing  the  tongue 
or  so-called  gustatory  organ,4  and  the  posterior  one  is  the  radula  or  odontophore. 
This  last  is  divided  by  a  rather  deep  longitudinal  furrow  into  two  lobes,  the  crests  of 
which  carry  the  lateral  pointed  and  recurved  teeth.5 

The  salivary  glands  consist  of  two  pairs,  as  in  the  GEgopsids  (for  example, 
Ommatostrephes,  Fig.  L).  The  anterior  glands  are  two  little  elongated  glandular  bodies, 
situated  between  the  buccal  mass  and  that  part  of  the  oesophagus  which  is  found  in  front 

1  Gray,  Catalogue  of  the  Mollusca,  p.  114. 

2  Steenstrup,  op.  cit.,  p.  237. 

3  It  is  the  fold  formed  before  the  true  cornea,  under  the  false  external  cornea. 

4  This  “  tongue  ”  cannot  be  a  sensorial  organ,  being  in  all  the  Cephalopods  covered  by  a  thick  uninter¬ 
rupted  cuticle. 

5  Unfortunately,  a  satisfactory  view  of  the  radula  cannot  be  given,  the  preparation  having  been  spoiled, 
in  attempting  to  take  out  the  lingual  teeth  ;  what  was  seen  of  it  is  represented,  much  magnified,  in  PI.  VI.  fig.  7 . 
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of  the  perineural  cartilage.  They  are  immediately  applied  against  the  buccal  bulb 1  and 
ramify  at  the  back  of  the  brachial  ganglia  (PI.  V.  fig.  3,  a). 

The  posterior  glands  in  Spirula  peronii  are  placed  dorsally,  immediately  behind  the 
cartilaginous  capsule,  and  in  front  of  the  liver,  extending  on  each  side  of  the  oesophagus 
(PI.  III.  £>.sZ.).2  They  are  almost  the  same  length  as  the  auditory  capsules,  at  the  dorsal 
face  of  which  they  are  found  (in  PI.  Y.  fig.  1,  these  glands  are  for  the  greater  part  hidden 
by  the  liver,  and  the  small  portion  visible  is  not  lettered). 

An  unpaired  median  salivary  duct  opens  in  front  of  the  “  tongue,”  upon  the  floor  of 
the  buccal  cavity  (PI.  VI.  fig.  6,  sd.) ;  it  could  not  be  followed  as  far  as  its  posterior 
extremity,  but,  by  analogy  with  other  Dibranchiates,  it  may  be  affirmed  that  it  is  the 
unique  duct  of  the  posterior  salivary  glands.3 

The  oesophagus ,  commencing  at  the  posterior  extremity  of  the  great  buccal  mass,  is 
directed  backwards  and  traverses  the  central  nervous  system  with  its  cartilaginous 
capsules  (PL  III.  oe.).  As  far  as  the  nervous  system  it  forms  a  concave  curve  backwards 
(ventrally),  then  it  recurves  in  the  inverse  sense,  and  after  having  traversed  the  nervous 
oesophageal  collar,  it  passes  ventrally  backwards,  between  the  posterior  salivary  glands 
,and  the  lobes  of  the  liver,  then  between  the  great  lateral  muscles  it  follows  the  median 
line  near  the  ventral  face ;  afterwards,  having  attained  the  level  of  the  first  whorl  of  the 
shell,  it  turns  abruptly,  almost  at  right  angles,  and,  dilating  a  little,  terminates  in  the 
right  or  cardiac  half  of  the  stomach,  by  a  narrow  opening  (PI.  VI.  fig.  3,  ca.).  This  last 
is  bounded  on  the  left  side  by  a  slightly  elevated  ridge,  the  continuation  of  which  borders 
a  shallow  groove  in  the  wall  of  the  cardiac  extremity  of  the  stomach.  This  terminal 
dilated  portion  of  the  oesophagus  has  thick  and  glandular  walls,  so  that  it  forms  a  sort  of 
rudimentary  “  proventriculus.” 

The  stomach  is  divided  into  two  chambers  :  right  or  cardiac  (stomach  properly  so- 
called)  and  left  or  pyloric  ;  these  two  divisions  are  separated  by  a  constriction  in  the 
anterior  wall.  The  cardiac  chamber  (PI.  YI.  figs.  1-3,  cr.)  projects  into  the  portion  of  the 
viscero-pericardial  cavity  which  is  situated  to  the  right  of  the  septum  formed  by  the 
whorls  of  the  shell  ;  the  pyloric  chamber  or  appendage  (PI.  YI.  figs.  1-3,  p>s-)  sinks  into 
the  opposite  half  of  this  latter  cavity,  the  middle  portion  reposing  on  the  walls  of  the 
body  which  covers  the  shell.  When  the  stomach  is  open,  it  is  seen  that  each  of  its 
divisions  forms  a  sort  of  great  compartment ;  that  on  the  right  side  is  subcylinclrical,  and 

1  As  in  the  (Egopsids  (example,  Fig.  L,  x),  where  they  are  partly  hid  under  the  superficial  musculature 
of  the  bulb.  We  know  that  in  the  Myopsids  this  anterior  pair  is  very  greatly  reduced  and  intrabulbular. 

2  In  Spirula  australis  they  are,  according  to  Owen,  fusiform  upon  almost  all  their  length  (Ann.  Mag. 
Nat.  Hist.,  ser.  5,  vol.  iii.  pi.  ii.  fig.  10). 

3  The  glands  called  posterior  are  then  the  anterior,  from  the  morphological  point  of  view,  since  their  tube 
opens  more  in  front  than  those  of  the  glands  called  “  anterior.”  The  two  pairs  of  salivary  glands  of  Cephalopods 
correspond  exactly  to  the  two  pairs  existing  in  the  Amphineura,  where  one  of  the  two  also  opens  before  the 
radula  (subradular  glands  of  Chiton)  by  a  single  duct  (Neomeniidae). 
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lias  thick  and  muscular  walls,  whilst  that  on  the  left  is  separated  from  the  rest  of  the 
organ  by  a  distinct  constriction,  and  its  walls,  like  those  of  the  median  portion  of  the 
stomach,  are  thin  and  semitransparent.  In  front  of  this  constriction  its  surface  appears 
marked  by  numerous  transverse  striae. 

The  thickening  of  the  walls  of  the  cardiac  division  is  almost  limited  to  its  left 
(external)  side,  and  arises  specially  from  the  strengthening  of  the  muscular  envelope  of 
this  region.  The  mucous  layer  of  this  cardiac  sac  is  thick  and  spongy  throughout. 
The  muscular  covering  of  the  right  (axial)  side  is  not  much  stronger  than  that  of  the 
rest  of  the  stomach. 

The  pyloric  division  has  the  form  of  an  ovoid  spiral  sac  (PI.  VI.  fig.  2)  united  to  the 
stomachal  cavity  by  a  broad  neck.  Its  internal  face  is  marked  by  a  deep  corrugation  or 
depression  (PL  VI.  fig.  3,  a),  which  corresponds  to  a  falciform  prominence  in  the  interior 
of  the  sac.  The  interior  of  the  neck  is  smooth,  but  just  where  it  passes  into  the  pyloric 
caecum  immense  folds  of  the  mucous  membrane  commence,  and  become  more  and  more 
strong  and  permanent,  spreading  in  a  slightly  curved  spiral  over  the  surface  of  the  internal 
sac  (PI.  VI.  fig.  4)  and  converging  on  its  opposite  face.  The  surface  of  the  folds  is 
itself  marked  by  close-set  oblique  furrows.  The  junction  between  the  pyloric  division  of 
the  stomach  and  the  intestine  is  marked  by 'only  a  slight  fold  representing  a  pyloric 
valve. 

To  the  right  side  of  the  cardiac  sac  in  Spirula  peronii  is  attached  an  elongated,  recurved 
and  whitish-looking,  body  (PI.  VI.  fig.  3,  z),  with  a  glandular  appearance,  lying  in 
the  fold  of  the  “  peritoneum,”  from  which  arises  the  peduncle  of  the  ovary  ;  in  Spirula 
reticulata  this  body  was  not  seen. 

The  liver  consists  of  two  compact  equal  masses,  a  right  and  a  left,  which  occupy  the 
whole  space  left  free  by  the  otocysts,  the  salivary  glands,  and  oesophagus,  in  the  anterior 
half  of  the  cavity  of  the  body  (PI.  IIP,  lip.).  Each  of  them  is  produced  into  a  posterior 
lobe  (PI.  VI.  fig.  1),  which  with  its  corresponding  lobe  fills  the  pallial  sac  occupying  the 
last  chamber  of  the  shell  (PI.  V.  fig.  1,  lip'.). 

The  two  hepatic  ducts  run  from  the  anterior  to  the  posterior  region  of  the  body  with 
the  oesophagus  (PI.  III.,  hpd.),  the  one  passing  behind,  the  other  in  front  of,  the  left 
division  of  the  stomach  (PI.  VI.  fig.  l) ;  they  unite  and  open  into  the  pyloric  appendage. 
After  having  reached  the  stomach  each  tube  is  furnished  with  a  great  number  of  villous 
“pancreatic”  caeca  (PL  VI.  figs.  1,  2).  The  pyloric  sac  of  the  stomach  and  the 
pancreatic  appendages  of  the  hepatic  tubes  are  freely  surrounded  by  a  thin  transparent 
membrane  (PL  III .  ptn.),  an  invagination  of  the  “peritoneum”  or  walls  of  the  viscero- 
pericardial  cavity  into  which  they  thus  project. 

The  intestine  is  very  short  and  relatively  wide ;  it  arises  from  the  left  half  of  the 
stomachal  pouch.  It  passes  downwards  and  forwards,  on  the  left  side  of  the 
spire  of  the  shell,  and  gradually  narrows ;  it  terminates  at  the  anus,  which  is  placed  at 
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the  extremity  of  a  slight  conical  papilla  in  Spirula  peronii  (PL  III.  an.),  whilst  it  is 
completely  sessile  in  Spirula  reticulata  (Fig.  R,  viii).  This  anal  opening  has  no  filiform 
appendages,  such  as  are  found  in  other  Dibranchiate  Cephalopods.  The  intestine 
presents  internally  a  longitudinal  furrow  bounded  by  two  very  distinct  folds,  as  in  all 
Cephalopods  examined  in  this  respect  (Fig.  0,  i).1 

The  little  ink  bag  is  situated  ventrally  (PL  IIP,  ik.)  in  the  bend  formed  by  the 
intestine  (Fig.  R,  iii) ;  it  opens  into  the  intestine  quite  close  to  the  anus. 


IV.  Circulatory  System. 

The  heart  is  situated  in  the  viscero-pericardial  cavity  towards  the  ventral  aspect,  in 
front  of  the  spire  of  the  shell  and  under  the  intestine  and  the  kidneys  (PL  VI.  fig.  8). 


Fig.  0. — Transverse  section  of  tlie  in¬ 
testine  of  Sepia ;  x  18.  i,  longi¬ 
tudinal  furrow ;  ii,  intestinal  epi¬ 
thelium. 


Fig.  P. — Heart  of  Spirula  reticulata,  ventral  view  ; 
x  4.  i,  right  auricle  ;  ii,  ventricle ;  iii,  pos¬ 
terior  aorta  ;  iv,  posterior  pallial  artery  ;  v, 
recurrent  (genital)  artery  ;  vi,  left  branehio- 
cardiac  vessel  (auricle) ;  vii,  anterior  aorta. 


It  is  (especially  in  the  individual  of  Spirula  reticulata  examined)  very  flat  dorso- 
ventrally  and  asymmetric  (Fig.  P)  ;  the  ventricle  is  almost  entirely  placed  at  the  right  of 
the  median  line,  while  at  the  left  is  found  only  one  prominence  towards  the  branchio-cardiac 
vessel  or  auricle. 

p  Orn matostrephes,  Sepiola,  Sepia,  Octopus,  Nautilus.  A  similar  furrow  has  been  met  with  in  other 
Molluscs,  as  in  certain  Rhipidoglossids  (example,  Troclius).  But  in  the  initial  portions  of  the  intestine  of 
Molluscs  there  is  a  corresponding  longitudinal  cushion  (typhlosolis) :  e.g.,  in  all  the  Lamellibranchs  examined  from 
this  point  of  view  ( Anodonta ,  Anomia,  Donax,  Ostrea),  and  the  Gastropods,  including  the  Pteropods  ( Paludina , 
Helix,  Auricula,  Tritonia,  AEolis,  Acteeon,  ZAmacina,  Clio),  and  Chiton  among  the  Amphineura.  In  all  these 
animals,  the  intestine  being  much  rolled  up,  it  is  difficult  to  determine  the  morphological  position  of  this  typhlosolis, 
but  in  the  Cephalopods,  where  the  intestine  is  only  turned  back  and  not  twisted,  we  can  see  that  the 
furrowed  typhlosolis  occupies  the  dorsal  side,  as  is  the  case  also  for  the  organ  of  the  same  name  known  in 
the  Oligochgetse.  It  is  then  probable  that  the  dorsal  ciliated  furrow  of  the  intestine  of  Neomeniidas  also 
corresponds  to  it. 
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The  ventricle  is  pointed  behind  and  in  front,  each  point  being  the  origin  of  an  aorta, 
but  the  two  aortse  are  not  in  the  same  line,  the  anterior  being  oblique  from  the  outside 
towards  the  axis  (Fig.  P,  vii). 

The  cephalic  or  anterior  aorta,  properly  so-called,  is  directed  towards  the  head ;  its 
distribution  has  not  been  followed  in  the  incomplete  specimen  of  Spirula  reticulata 
examined,  but  in  Spirula  peronii  a  principal  branch  passes  (as  in  other  Cephalopods) 
between  the  pedal  and  visceral  centres  (PI.  Y.  fig.  4,  ar.).  The  short  posterior  aorta 
(Fig.  P)  gives  off  immediately  to  the  left  a  recurrent  branch  (“anterior”  aorta),  which 
supplies  the  rectum,  and  at  least  in  part  the  genital  organs  (this  is  a  character  of  the 
(Egopsids,  this  vessel  arising  anteriorly  and  directly  from  the  ventricle  in  the  Myopsids ; 
the  disposition  observed  in  Spirula  and  the  (Egopsids  is  evidently  primitive,  the  parts 
supplied  by  this  artery  being  morphologically  posterior).  It  then  immediately  arrives 
at  the  shell  and  bifurcates,  giving,  on  each  side  of  the  shell,  a  pallial  branch  (Fig.  P,  iv), 
which  continues  as  far  as  the  terminal  disk  and  fins. 

The  vena  cava  is  situated  quite  ventrally,  its  terminal  portion  (posterior)  being 
alone  visible  in  the  incomplete  specimen  of  Spirula  reticulata  examined.  It  receives 
a  trunk  from  the  back,  which  traverses  the  bottom  of  the  little  visceral  sac  of  the  last 
chamber ;  this  trunk  comes  from  the  reunion  of  the  two  veins  arising  from  the  sinuses 
surrounding  the  stellate  ganglia,  veins  accompanying  the  commissure  of  this  last,  and  its 
median  nerve  (Fig.  N,  iv  and  ii).  At  the  back  of  the  anus,  under  the  junction  of  the 
visceral  nerves,  the  vena  cava  divides  into  two  branches  directed  backwards  and  towards 
the  sides  (Fig.  S)  ;  each  of  them  passes  into  a  renal  sac  (see  further  on),  these 
uniting  to  the  corresponding  abdominal  vein  (Fig.  S,  vi),  which  presents  the  enlargement 
characteristic  of  Decapods  (PI.  VI.  fig.  8,  v.v.),  then  uniting  further  to  the  pallial  vein  (Fig. 
S,  viii)  in  forming  the  branchial  heart  (Fig.  S,  vii).  This  last  (PI.  VI.  br.h.  ;  PL  IV.  figs.  2 
and  4,  br.h.),  Fattened  dorso-ventrally,  carries  a  little  ventral  appendage  directed  towards 
the  median  line  (PI.  VI.  fig.  8,  br.app.  ;  Fig.  S,  iii),  which  in  Spirula  peronii  appears 
villous  (PI.  IV.  fig.  4,  a)  like  the  pericardial  gland  of  Nautilus,  to  which  it  morphologi¬ 
cally  corresponds.  From  the  branchial  heart  arises  the  afferent  branchial  vessel,  shorter 
on  the  right  than  on  the  left  (Fig.  S,  ix)  and  passing  to  the  surface  of  the  visceral  sac 
on  the  ventral  side  of  the  oviduct  (PI.  IV.  fig.  5,  hr. a.).  This  afferent  branchial  vessel 
passes  to  the  dorsal  side  of  the  branchial  axis.  The  branchials,  situated  quite  laterally 
almost  near  the  dorsal  surface,  have  already  been  described  (see  pallial  cavity).  The 
efferent  branchial  vessels  occupy  the  ventral  side  of  the  branchial  axis ;  on  leaving  the 
branchia,  they  pass  before  the  afferent  vessels  which  are  parallel  to  them,  then  at  the 
back  of  these  last  and  the  kidneys.  That  on  the  right  side  is  much  shorter  than  that  on 
the  left  (as  in  Ommatostrephes,  Loligo,  &c.,  see  Fig.  P,  i,  and  PI.  VI.  fig.  8,  aur.  aur’ .) ;  it 
is  also  more  swollen,  constituting  an  apparent  auricle,  whilst  to  the  left  the  branchio- 
cardiac  vessel  is  long  with  a  tolerably  constant  diameter.  The  two  trunks,  contractile  in 
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all  the  Cephalopods,  also  merit  the  name  of  auricles  ;  they  empty  on  each  side  into  the 
ventricle  (Fig.  P  ;  PI.  VI.  fig.  8). 

Between  the  portion  of  the  mantle  enclosed  in  the  last  chamber  of  the  shell  and  the 
part  of  the  visceral  sac  contained  therein,  there  is,  in  Spirula  reticulata,  a  sharply 
limited  sinus  (Fig.  Q,  iv)  with  rather  thick  walls,  communicating  with  the  cavity  of  the 

membranous  siphuncle  ;  no  other  communication  has  been  seen 
with  this  sinus,  but  it  is  certainly  to  be  presumed  that  it 
presents  in  some  place  a  contractile  orifice  analogous  to 
“  Keber’s  valvule”  in  the  Lamellibranchs. 

The  physiological  action  of  this  sinus  appears  very 
important  and  apparently  regulates  the  hydrostatic  conditions 
of  Spirilla,  and  consequently  the  production  of  new  chambers 
of  the  shell.  In  fact  the 

is  a  blood  sinus  continuous  with  the  preceding  (in  the 
terminal  enlargement  of  the  siphuncle  this  cavity  occupies  the 
dorsal  side,  see  Fig.  Q).  This  membranous  siphuncle  may  then 
be  distended  by  the  blood  coming  from  the  pallial  sinus,  and 
the  constriction  of  its  proximal  portion  by  the  hermetic  muff  of  the  shell  siphuncle  (Fig. 
B,  i)  permits  it  by  its  enlargement  to  compress  the  gas  contained  in  the  shell  siphuncle, 
without  this  gas  being  able  to  flow  back  into  the  last  chamber  under  the  mass  -of  the 
liver.  We  thus  explain  how  it  can  produce  a  change  of  equilibrium,  in  contracting  or 
distending  this  gas,  according  as  the  Spirula  wishes  to  descend  or  ascend,  the  pressure 
remaining  always  constant  in  the  air  chambers,  quite  separated  from  the  siphuncle. 

On  the  other  hand,  wThen  by  continued  growth  the  weight  of  the  animal  threatens  to 
become  too  great  for  the  hydrostatic  apparatus  constituted  by  the  air  chambers  of  the 
shell,  the  distension  of  the  pallio-siphonal  sinus  pushes  forward  insensibly  the  visceral 
mass  resting  upon  the  last  septum,  and  thus  permits  the  continuity  of  the  secretion  of  the 
shell  by  the  margins  of  the  true  mantle  (PI.  III.,  margins  of  P7)  ;  the  last  chamber  is 
thus  completely  formed.  Then  the  contraction  of  the  sinus  clearing  this  last,  a  new 
septum  is  secreted  in  turn  by  the  whole  surface  of  the  true  mantle  (PI.  III.,  P7)  at  the 
same  time  that  a  new  segment  of  the  shell  siphuncle  is  produced  by  the  membranous 
siphuncle.1 

1  It  is  evident  that  a  mechanical  interpretation  of  the  means  of  progression  in  the  shell,  and  the  ascent 
and  descent  in  the  water,  is  alone  admissible,  and  that  no  naturalist  will  accept  that  proposed  by  Barrande  in 
1877  :  “They  must  there  and  then  have  been  inspired  and  imposed  by  the  Creator  at  the  moment  when  the 
Cephalopods  had  been  introduced  among  the  inhabitants  of  the  Silurian  Seas  ”  (Barrande,  Cephalopodes, 
Etudes  generates,  Prague,  1877,  p.  210). 


cavity  of  the  membranous  siphuncle 


Fig.  Q. — Median  sagittal  section  of  the 
terminal  part  of  the  siphuncle,  left 
view;  magnified,  i,  reflected  mantle 
on  the  shell  (ventralside)=P8,  PL 
III.;  ii,  membranous  siphuncle;  iii, 
shell  siphuncle  ;  iv,  pallio-siphonal 
sinus  ;  v,  penultimate  chamber  of 
the  shell  ;  vi,  last  septum ;  vii, 
mantle  reflected  on  the  shell  (dorsal 
skle)=_P5,  PL  III.;  viii,  part  of  the 
visceral  mass  (liver)  included  in 
the  last  chamber. 


REPORT  ON  SPIRULA. 


25 


V.  Excretory  System. 


The  viscero-pericardial  cavity  occupies  the  posterior  part  of  the  body,  on  both  sides 
of  the  central  portion  of  the  shell,  which  divides  it  almost  completely  into  two  halves, 
communicating  with  each  other  in  front  of  the  last  whorl,  this  communication  reaching 
a  little  backward  in  Spirilla  peronii  between  the  penultimate  and  last  whorl  (PL  III., 
w",  and  PI.  IY.  figs.  2,  4).  This  cavity  encloses  the  heart  and  the  ovary  (the  two 
specimens  examined  being  females).  The  posterior  portions  of  the  stomach,  although 
projecting  into  the  viscero-pericardial  cavity,  are  situated  outside  of  the  “  peritoneal  ” 
membrane,  which  bounds  it  (PI.  IV.  fig.  4,  ptn.).  This  cavity  does  not  possess  openings 
which  communicate  directly  with  the  outside,  as  is  the  case  with  the  cavity  (coeloma)  of 
Nautilus.  The  orifices  observed  in  the  Challenger  Spirula  (PI.  IY.  fig.  2,  ab ;  fig.  4, 
b ;  fig.  5,  w')  have  been  recognised  as  being  produced  artificially. 


V/lll 


Fig.  R. — Pallial  cavity  of  Spirula  reticulata, 
laid  open,  all  the  nidamental  glands  re¬ 
moved,  ventral  view ;  x  4.  i,  gill  ;  ii, 
kidney ;  iii,  ink  bag  ;  iv,  shell ;  v,  eggs 
in  the  oviduct ;  vi,  oviducal  gland  ;  vii, 
aperture  of  the  oviduct ;  viii,  anus ;  ix, 
external  renal  orifice. 


Fig.  S.— Ventral  view  of  .  the  renal  organs  of  Spirula  reticulata  ;  x  8.  i, 
gill  ;  ii,  branchio-cardiac  vessel ;  iii,  appendage  of  the  branchial  heart  ; 
iv,  spongy  body  of  the  kidney  ;  v,  ventricle ;  vi,  abdominal  vein  ; 
vii,  branchial  heart ;  viii,  posterior  pallial  vein  ;  ix,  afferent  branchial 
vessel ;  x,  point  where  the  reno-pericardial  duct  opens  ;  xi,  junction  of 
the  two  visceral  nerves ;  xii,  visceral  nerve  ;  xiii,  vena  cava  ;  xiv, 
branchial  nerve  ;  xv,  external  aperture  of  the  kidney. 


The  kidneys  are  found  behind  the  nidamental  glands  on  each  side  of  the  rectum,  at 
the  ventral  surface  of  the  visceral  sac  (Fig.  R,  ii).  They  are  almost  triangular  in  form 
and  have  no  communication  with  each  other.1 

The  vena  cava,  as  we  have  seen  above,  is  divided  at  the  back  of  the  anus  into  two 
branches  directed  backwards  ;  each  one  passes  into  a  renal  sac,  and,  joining  the  correspond¬ 
ing  abdominal  vein,  form  with  it  the  afferent  branchial  vessel  ;  the  whole  portion  of 

1  Contrary  to  what  Owen  says,  who  speaks  of  a  single  renal  sac  (Ann.  Mar/.  Nat.  Hist.,  ser.  5,  vol.  iii. 

p.  11). 

(ZOOL.  CHALL.  EXP.— PART  LXXXIII. — 1894.) 
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these  vessels  contained  in  the  renal  cavity  is  covered  by  the  spongy  body  (Fig.  S,  iv) 
which  constitutes  the  excretory  epithelium  of  the  kidneys. 

The  two  anterior  renal  orifices  are  situated  on  both  sides  of  the  anus  (to  the  left 
between  this  last  and  the  genital  opening,  Fig.  R,  ix) ;  they  are  sessile,  but  surrounded 
by  a  prominent  cushion. 

The  reno -pericardial  orifice  is  near  the  external  renal  opening  ;  it  is  found  more 

laterally  than  the  latter  (Fig.  S,  x)  upon  the  ventral 
face  of  the  renal  cavity  leading  into  a  reno-pericardial 
tube  (Fig.  T,  ii),  applied  to  this  latter,  obliquely 
transverse,  and  directed  latero-posteriorly,  at  the 
same  time  enlarging.  By  analogy  with  what  exists 
in  the  other  Dibranchiates,  we  would  suppose  that 
this  tube  is  continuous  with  the  viscero-pericardial 
cavity,  but  in  the  Spirula  reticulata  examined  that 
could  not  be  actually  demonstrated,  the  dissection 


Fig.  T. — Transverse  section  of  the  external  renal 
aperture  of  Spirula  reticulata;  x  40.  i,  ex¬ 
ternal  renal  aperture  ;  ii,  reno-pericardial  duct; 
iii,  aperture  of  the  reno-pericardial  duct ;  iv, 
renal  cavity. 


having  been  already  carried  too  far  from  other  points  of  view. 


YI.  Reproductive  System. 

1.  Sexes. — The  Challenger  specimen,  the  “Blake”  specimen  and  that  from  Pro¬ 
fessor  Giard,  were  females,  so  that  of  the  six  individuals  examined  up  to  the  present 
time  from  this  point  of  view  five  were  females  (Blainville,  Owen  1879,  Challenger, 
“  Blake,”  Giard)  and  only  one  male  (Owen  1880).  It  is  then  very  probable  that 
in  Spirula  there  is  hyperpolygeny  as  in  the  other  Cephalopods  with  non-autotomic 
hectocotyle. 

2.  Ovary. — The  ovary  occupies  the  greater  part  of  the  right  half  of  the  viscero- 
pericardial  cavity  (PI.  I.  fig.  6  ;  PI.  IV.  fig.  l),  and,  in  the  Spirula  reticulata  examined, 
it  even  invades  in  part,  in  front  of  the  shell  and  at  the  back  of  the  heart,  the  left  half  of 
this  cavity.  It  is  attached  at  the  postero-external  (right)  side  of  the  stomach  properly 
so-called  or  cardiac  sac  (PI.  YI.  fig.  2),  as  in  the  Ommatostrephidse  for  example.1  It 
rises  from  the  coelomic  wall  (or  “  peritoneum  ”)  by  a  fold,  which  forms  for  it  a  peduncle 
and  encloses  the  blood-vessels,  upon  which  the  ovary  forms  a  sort  of  cluster  (for  the  eggs, 
see  further  on  :  laying). 

3.  Oviduct. — The  oviduct  is  situated  to  the  left2  and  there  occupies  the  greater  part  of 
the  ventral  region  of  the  posterior  half  of  the  body  in  Spirula  peronii  (PI.  IV.  fig.  3,  ov.), 
as  well  as  in  Spirula  reticulata  (Fig.  R,  v).  In  the  two  specimens  examined  it  was 

1  Contrary  to  what  Owen  says  (op.  cit.,  p.  12),  according  to  whom  the  ovary  is  to  the  left. 

2  And  not  at  the  right,  as  indicated  in  the  Traite  de  Zoologie  of  Claus. 
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absolutely  stuffed  with  eggs  pressed  one  against  the  other.  The  oviduct  passes  under 
the  branchio-cardiac  vessel  (PI.  IV.  fig  4,  od.),  that  is  to  say,  on  the  dorsal  side  of  this, 
as  in  the  (Egopsids  ( Ommatostrephes ,  Onychoteuthis,  Enoploteuthis,  &c.).  Near  its 
extremity  it  is  inflected  towards  the  median  line  (Fig.  R)  and  there  presents  a  swollen 
oviducal  gland,  of  an  arched  form  (PL  IV.  fig.  5),  with  parallel  striae  (Fig.  R,  vi). 
Finally,  the  oviduct  opens  immediately  after,  obliquely  (its  opening  being  anterior, 
whilst  its  extremity  is  directed  transversely  near  the  axis),  on  the  left  side  of  the  renal 
orifice  almost  at  the  same  level  (Fig.  R,  vii). 

4.  Nidamental  Glands. — Quite  behind  the  pallial  cavity,  upon  the  ventral  surface 
of  the  visceral  mass,  there  is  on  each  side  of  the  ink  gland  (PL  I.  fig.  7)  a  swollen 
nidamental  gland,  of  an  irregular  ovoid  form,  with  the  long  axis  oblique,  with  a  radial 
appearance  and  leaved  structure  (Fig.  C,  iv  ;  Pl.  I.  fig.  6  ;  PL  II.  fig.  1  ;  and  PL  IV.  fig. 
1,  n.g.),  as  in  the  majority  of  Decapods. 

Before  the  nidamental  glands,  and  partially  under  their  anterior  portion,  there 


Fig.  U. — Transverse  section  of  an  accessory  nidamental 
gland  of  Spvrula  reticulata  ;  x  18.  i,  ventral  side  ;  ii, 
glandular  pore. 


Fig.  V. — Transverse  section  of  an  ovarian 
egg  of  Spirula  reticulata  ;  x  100.  i, 
vitelligenous  follicle;  ii,  egg  substance. 


exist  in  the  specimens  procured  by  the  Challenger  (PL  I.  fig.  7,  x),  by  the  “Blake” 
(Pl.  II.  figs.  1,  2,  x),  and  by  Professor  Giard  (Fig.  C,  iii),  prominences  forming  full  com¬ 
pact  organs  almost  in  contact,  the  one  with  the  other,  on  the  median  line.  These 
prominences  cover  the  kidneys,  described  above,  but  have  not  any  relation  with  them  ; 
they  can  be  taken  away  without  the  renal  cavities  being  opened,  and  therefore  belong 
to  the  integuments. 

Their  structure  (in  the  specimen,  imperfectly  prepared,  which  has  been  examined) 
reveals  sufficiently  the  character  and  glandular  function  of  these  organs  (Fig.  U).  They 
are  formed  of  numerous  cmca  opening  on  the  ventral  surface  by  little  pores.  Besides 
their  structure,  their  situation  determines  them  to  be  accessory  nidamental  glands 
(compare  specially  a  young  Sepia1)',  the  fact  that  these  organs  have  not  been 
noticed  in  the  Spirulse  already  described  need  not  astonish  us,  and  we  may  suppose  that 

1  Brock,  Ueber  die  Geschlechtsorgane  der  Cephalopoden  ( Zeitscli .  /.  wiss.  Zool.,  Bd.  xxxii.  pl.  iii.  fig. 
28,  1879). 
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these  specimens  were  not  quite  mature,  the  accessory  nidamental  glands  being  in  fact 
little  developed  and  scarcely  visible  in  immature  individuals.1 

5.  Laying  or  deposition  of  the  eggs. — The  manner  in  which  the  eggs  are  deposited  is 
unknown.  We  know,  however,  that  the  eggs  contained  in  the  oviduct  are  rather  large 
(Fig.  R;  PI.  IV.  fig.  3,  ov.)  and  with  abundant  vitellus,  as  the  structure  of  the  ovarian 
ovule  shows,  provided  with  a  vitelligenous  follicle  with  multiple  folds  in  the  interior  of 
the  eggs  (Fig.  V.).  On  the  other  hand,  we  may  also  infer  that  the  eggs  when  once  laid 
are  enveloped  in  a  rather  thick  coating,  since  Spirula,  is  provided  not  only  with  an  oviclucal 
gland,  but  further  with  properly  so-called  accessory  nidamental  glands. 


VII.  Classification. 

A  dozen  of  different  specific  names  have  been  applied  to  the  shells  of  the  genus 
Spirula.  But  even  in  the  opinion  of  a  conchologist2 :  “  it  is  impossible  to  determine 
to  which  of  the  species  (if  they  are  distinct)  the  names  applied  to  the  shells  belong.” 

On  the  other  hand,  the  number  of  complete  specimens  of  Spirula ,  which  have  been 
fully  examined  and  described,  is  exceedingly  limited  (see  Introduction).  It  results  from 
this  that  there  are  no  means  of  attaching  a  definite  value  to  the  names  originally  imposed 
or  adopted,  from  the  want  of  sufficiently  distinctive  characters. 

In  a  provisional  way  I  propose  to  consider  the  Challenger  specimen  as  the  type  of 
the  species  Spirula  peronii ;  the  specimen  described  by  Owen  in  1879  as  the  type  of 
the  species  Spirula  australis  l^—lsevis,  Gray),  to  which  the  “Blake”  specimen  appears 
to  be  related ;  and  lastly,  Professor  Giard’s  specimen  as  the  type  of  the  species  Spinda 
reticulata  (  =  vulgaris,  Leach).  So  that  we  may  establish  provisionally  the  following 
table,  which  further  knowledge  and  a  comparison  of  future  specimens  may  possibly 
modify  : — 

1.  No  distinct  furrow  separating  the  mantle  from  the  disk.  Spirula  peronii, 

Lamarck  (PI.  I.  figs.  1-4). 

2.  Terminal  disk  separated  from  the  mantle  by  a  deep  furrow, 

A.  Sub-epidermic  reticulation  not  very  distinct.  Spirula  australis,  Lamarck 

(PL  II.  figs.  1-3). 

B.  Sub-epidermic  reticulation  very  marked.  Spinda  reticulata,  Owen  (Figs. 

A,  C,  I,  J,  N). 


1  Brock,  op.  tit.,  p.  72. 

2  Gray,  Catalogue  of  the  Mollusca,  p.  115. 
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VIII.  Ethology  oh  Bionomics. 

The  conditions  of  existence  of  Spirula  are  almost  entirely  unknown.  We 
know  that  the  shells  of  this  genus  are  thrown  in  very  great  numbers  upon 
certain  shores,  and  that,  not  being  able  to  fall  to  the  bottom  on  account  of  their 
lightness,  they  are  often  carried  by  currents  to  considerable  distances.  It  is  the  same 
with  the  animal,  when  dead ;  it  is  carried  to  the  surface  by  its  shell  playing  the  role  of 
float  (for  example:  Peron’s  specimen,  those  of  the  “Recherche”  [Robert,  1856],  and 
those  of  Professor  Giard),  or  it  may  even  be  carried  as  far  as  some  sea-shore  (for 
example:  Owen’s  specimen  [1879]  and  that  in  the  Sydney  Museum).  But  never  has  a 
Spirula  been  collected  alive,  at  the  surface  nor  even  near  the  surface.1 

Only  two  individuals  have  been  dredged :  one  in  360  fathoms  by  the  Challenger  and 
one  in  950  fathoms  by  the  “  Blake,”  and  these  individuals  were  dead. 

Spirula  then  is  not  a  pelagic  animal ;  it  must  be  an  inhabitant  of  rather  deep  water. 
In  fact  if  we  examine  the  various  known  localities  where  Spirula  has  been  met  with, 
and  those  wdiere  its  shell  is  thrown  up  in  great  quantities,  we  find  that  they  belong  only 
to  a  few  principal  centres  : — 

1.  Between  Australia  and  New  Zealand.2 

2.  Banda  Sea.3 

3.  West  Indies.4 

4.  N.  W.  of  Africa.5 

However,  in  each  of  these  centres,  or  very  near  them,  is  found,  to  use  the  usual  term 
in  physical  geography,  a  “  deep  ”  or  oceanic  surface  of  relatively  small  extent,  with 
a  very  rapidly  increasing  depth  up  to  2500,  and  even  4000,  fathoms.6  It  may 
therefore  be  predicted  with  sufficient  certainty  that,  to  find  perfect  specimens  of  Spirula, 
it  is  necessary  to  search  in  deep  water  in  one  or  other  of  the  deeps  here  indicated. 

1  Gray  (On  the  animal  of  Spirula,  Ann.  Mag.  Nat.  Hist.,  ser.  1,  vol.  xv.  p.  259)  says  : — “I  am  informed 
by  M.  Clausen  that  he  had  several  specimens  of  this  animal  alive,  and  kept  them  some  time  in  a  vessel  filled 
with  sea  water,  and  that  they  had  the  power  of  ascending  and  descending  at  pleasure.”  But  from  such  an 
indefinite  indication  we  cannot  have  any  certainty  that  it  was  indeed  Spirula,  no  other  mention  having  been 
made  by  M.  Clausen  of  such  an  important  fact. 

2  Specimens  of  P4ron,  of  the  Sydney  Museum,  and  of  Owen  (1879). 

3  Fragments  of  Rumphius  (Amboina),  of  Owen  (Timor),  and  Challenger  specimen. 

4  “  Blake  ”  specimen. 

5  Specimens  of  Crancli,  of  Robert,  of  Professor  Giard,  and  another  mutilated  specimen  which, 
Mr  Craven,  F.L.S.,  tells  me,  was  taken  between  Madeira  and  the  Canaries. 

6  See  especially  the  large  chart  (planisphere)  accompanying  the  Narrative  of  the  Cruise  of  H.M.S. 
Challenger. 
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As  to  what  is  the  mode  of  life  of  Spirilla,  Agassiz  has  supposed,  from  the  disposition 
of  the  chromatophores,  that  the  posterior,  part  of  the  living  individual  remains  plunged 
in  the  mud  at  the  bottom.  However,  in  the  two  specimens  taken  by  the  Challenger 
and  the  “  Blake,”  it  is  noticed  that  it  is  precisely  at  the  posterior  part  that  the 
chromatophores  are  specially  preserved  (PI.  II.  figs.  1,  2  ;  PI.  YI.  fig.  14).  Further,  the 
funnel  of  Spirula  is  as  well  developed  as  in  the  other  Cephalopods.  This  animal  is  not 
then  sedentary,  but  a  good  swimmer,  which  the  existence  of  fins  at  the  posterior  part 
likewise  confirms  ;  these  fins  would  evidently  not  be  found  there  if  the  part  were 
plunged  in  the  mud. 

If  we  now  compare  the  following  facts :  on  the  one  hand,  that  Spirula  is  a  swimmer 
and  that  it  keeps  to  the  greater  depths  (since  it  never  has  been  observed  living  at  the 
surface  or  near  it),  and  on  the  other  hand  that  as  soon  as  dead  the  animal  is  carried 
away  by  its  shell  towards  the  surface,  we  ought  evidently  to  conclude  that  the  living 
animal  compresses  a  part  of  the  gas  contained  in  the  “phragmocone,”  apparently  the  gas 
enclosed  in  the  siphuncle,  and  this  by  the  action  of  the  pallio-siphonal  sinus,  as  has  been 
explained  above  (see  Circulatory  System). 

The  rarity  of  Spirula  is  thus  explained  by  the  abyssal  nature  of  the  animal.  That 
the  animal  is  extremely  rare  is  proved  by  the  fact  that  among  the  inhabitants  of  certain 
islands  of  the  South  Pacific — where  the  shells  of  Spirula  are  extremely  abundant — the 
opinion  prevails  that  the  shell  “  has  no  animal.” 

The  circumstance  that  the  individuals  found  floating,  or  thrown  up  on  shore,  are 
generally  incomplete  and  mutilated,  might  be  explained  by  the  interpretation  of  Kobert, 
according  to  whom  Siphonophores  ( Physalia )  prey  upon  Spirula ;  he  says  1  that  one  of 
the  specimens  captured  by  the  “  Ptecherche  ”  “  had  been  taken  among  the  tentacles  of  a 
Physalia .” 


IX.  Phylogeny. 

The  systematic  position  of  Spirula  among  the  Dibranchiate  Cephalopods  is  in  no  way 
fixed.  In  1879,  Brock  expressed  the  opinion  that  Spirula  must  be  ranked  among  the 
Myopsid  Decapods.2  But  in  a  later  work 3  he  retracted  that  view,  declaring  that 
Spirula  had  nothing  to  do  with  the  Myopsids,  that  it  is  doubtful  if  it  be  an  (Egopsid, 
and  that  it  probably  represents  a  special  group.  In  1881,  Steenstrup  maintained, 

1  Comptes  renclus,  t.  ii.,  1836,  p.  363. 

2  Brock,  Studien  iiber  die  Verwandtschaftsverhaltnisse  der  dibranchiaten  Cephalopoden,  Erlangen,  1879, 

p.  21. 

3  Brock,  Versucb  einer  phylogenie  der  dibranchiaten  Cephalopoden  (Morph.  Jahrh.,  Bd.  vi.,  1880, 
p.  84). 
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however,  the  opinion  that  Spirula  is  a  Myopsid,1  and  this  view  is  generally  adopted  in 
the  treatises  on  Conchology. 

The  facts  presented  above  relative  to  the  organisation  of  the  genus  show  that  it  has 
nothing  at  all  to  do  with  the  Myopsids,  but  that,  according  to  the  following  characters,  it 
is  certainly  an  (Egopsid : — Eye  with  cornea  (false  cornea)  widely  open  ;  central  nervous 
system  very  elongated ;  short  junction  of  the  two  visceral  nerves  to  the  back  of  the 
anus;  “anterior”  salivary  glands  well  developed;  liver  not  traversed  by  oesophagus, 
aorta,  &c.;  posterior  aorta  with  recurrent  branch  (genital) ;  renal  orifices  sessile  ;  tenta¬ 
cular  arms  incompletely  retractile.  This  conclusion  that  Spirula  (whose  archaic 
character  is  incontestable 2)  is  an  (Egopsid  agrees  with  the  fact  that  the  (Egopsids  are 
certainly  the  most  archaic  of  the  Dibranchiates. 

If  we  wish  now  to  seek  for  the  origin  of  Spirula  we  must  evidently  acknowledge 
that  it  separated  very  early  from  the  stock  of  the  (Egopsids,  before  the  acquisition  of  the 
rostrum  characteristic  of  all  the  testaceous  Dibranchiates,  and  before  the  phragmocone 
(corresponding  to  the  shell  of  the  Molluscs)  had  become  internal  and  had  been  reduced 
(it  is  already  more  so  in  the  Belemnites  than  in  Spirula).  This  conclusion  agrees  with 
the  fact  that  Spirula,  in  the  direction  it  has  followed,  has  undergone  some  specialisa¬ 
tions,  which  are  not  observed  in  the  generality  of  (Egopsids,  for  instance  the  loss  of  the 
right  oviduct  (of  which  there  have  not  been  found  any  distinct  traces)  ;  and  the 
acquisition  of  accessory  nidamental  glands. 

In  short,  we  may  say  that  Spirula  must  have  come  from  a  Belemnite-like  form,  still 
without  rostrum  (as  Belemnoteuthis),  the  right  phragmocone  of  which,  still  external 
(at  least  in  part),  is  rolled  up  in  an  inverse  sense  to  that  of  Nautilus .3 

1  Steenstrup,  op.  cit.,  p.  237  :  “  Non  seulement  parmi  les  Myopsides,  mais  aussi  dans  la  division  des 
Sepiens.” 

2  Especially  on  account  of  the  following  characters :  shell  still  partially  external ;  anus  without  valvules, 
as  in  Nautilus  ;  kidneys  still  without  communication  with  each  other. 

3  It  appears  most  probable  that  Spirula  comes  from  a  straight  ancestor  and  not  from  a  rolled  form  in  the 
inverse  sense  (as  Nautilus ),  for  there  is  nothing  in  its  organisation  which  shows  that  it  has  been  unrolled 
and  then  re-rolled  in  the  inverse  sense. 
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The  phylogenetic  relations  of  Spirula  with  other  Dibranchiates  .may  be  represented 
by  the  following  table  : 


1  The  relations  of  the  Octopods  with  the  CEgopsids  (more  archaic),  and  especially  the  group  Leachia,  are 
demonstrated  by  the  following  facts  : 

1st.  Certain  of  these  last  have  not  more  than  eight  arms  ( Leachia ,  Ckaunoteuthis,  Chiroteutliis 
bonplandi,  adult  Veranya,  the  Cephalopod  [embryo]  of  Grenacher). 

2nd.  Cranchia  and  Leachia  among  the  CEgopsids,  and  the  generality  of  Octopods,  are  deprived  of  a  well- 
developed  “  resistance  ”  apparatus. 

3rd.  The  Octopods,  like  the  CEgopsids,  have  still  two  pairs  of  well-developed  salivary  glands. 

4th.  Leachia  and  Chiroteutliis  bonplandi  have  no  longer  an  infundibular  valvule  like  the  Octopods. 

5th.  The  kidneys  of  the  Octopods  and  of  the  CEgopsids  stretch  only  to  the  ventral  side  of  the  visceral  sac. 

6th.  The  Octopods  and  the  CEgopsids  have  two  oviducts. 

7th.  Cranchia  and  Leachia  have  no  longer  any  nidamental  glands,  like  the  Octopods. 

8th.  In  the  Octopods,  like  the  CEgopsids,  we  find  cases  of  hectocotylised  arms  on  the  right  or  on  the  left. 
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PLATE  I. 


Spirula  peronii,  female  (Challenger  specimen). 

Fig.  1. — Left  side. 

Fig.  2. — Ventral  side. 

Fig.  3. — Dorsal  side. 

Fig.  4. — Posterior  or  aboral  end. 

Fig.  5. — -Dorsal  side ;  the  free  mantle  is  cut  along  the  median  dorsal  line  and  the 
halves  divaricated. 

Fig.  6. — Ventral  side,  the  free  mantle  laid  open  in  the  median  line  and  the  lateral 
portion  divaricated;  moreover,  the  right  wall  of  the  “episoma”  is 
removed  so  as  to  lay  open  the  right  half  of  the  viscero-pericardial  cavity. 
In  all  the  figures  : 

O 


a,  b.  remains  left  by  the  colouring  matter  of  the  irides  of  the  eyes  on  the 
inner  surface  of  the  mantle  in  consequence  apparently  of  the  strong 
contraction  upon  them. 
an.  Anus. 

hr.  hr’.  Gills. 

d.i.  Median  dorsal  infundibular  apophyse  (nuchal  cartilage). 

E.  E' .  Eyes. 

F.  F'.  Fins. 

fs.  Terminal  fossa  and  papilla. 

I.c.  Collar  of  the  infundibulum. 

ik.  Ink  bag. 


I.v. 
li.  li'. 
ng.  ng'. 
ol.  oV. 
o.m. 
o.d. 

pb.  pb' . 

P.  F. 

P.cl.  PI  PI. 


Infundibular  valve. 

Right  and  left  infundibular  apophyses. 

Nidamental  glands. 

Olfactory  organs. 

Mass  of  the  ovary. 

Oviduct. 

Palliobranchial  ligaments. 

Mantle. 

Dorsal  and  lateral  lobes  of  the  free  edges  of  the  mantle. 


Sh.  Shell  seen  through  the  ventral  and  dorsal  openings. 

T.  T .  Tentacular  arms. 

x.  Accessory  nidamental  glands. 

I,  II,  III,  IV,  I',  II',  IIP,  IV',  brachia. 
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Figs.  1-3. — Spirula  ( australis  ?),  female  (“  Blake  ”  specimen). 

Fig.  1. — Ventral  view. 

Fig.  2. — Lateral  left  view. 

Fig.  3. — Terminal  (aboral)  view. 

Letters  as  in  PI.  I.: — ctq.,  tlie  papillae  for  the  opening  of  the  kidneys;  cr.,  inner 
hand  of  ckromatophores  ;  I.,  infundibulum  ;  Ipa.,  lateral  pallial  apophyses. 

Figs.  4-7. — Spirula  peronii,  structure  of  the  shell. 

Fig.  4. — A  septum,  in  face. 

Fig.  5. — A  longitudinal  median  section  from  near  the  anterior  end. 

Fig.  6. — A  longitudinal  section  from  near  the  apical  end  of  the  outermost  whorl. 

Fig.  7. — Apical  chamber  and  posterior  half  whorl. 

a.  The  cog-like  processes  of  the  apical  end  of  the  siphuncular  tube  in  each 

chamber. 

b.  Inner  or  ventral  thickening  band. 

c.  Ligament-like  body  continued  from  the  siphuncular  caecum  to  the  wall 

of  the  initial  chamber. 

ch.  Chamber  ;  c/d,  first  spherical  chamber  ;  ch2,  ch3,  ch 4,  second,  third, 
fourth  chambers. 

psph.  Blind  apical  end  of  the  shell  siphuncle,  or  siphuncular  caecum. 
sp.  Septum. 

sph.  Prolongation  of  the  septum  into  its  siphuncular  tube. 
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PLATE  III. 


Spirula  peronii. 


A  vertical  longitudinal  section,  supposed  to  be  taken  somewhat  to  the  left  of  the 
middle  line.  The  left  lobe  of  the  liver,  left  posterior  salivary  gland,  left  branchia  and 
half  of  the  beaks  and  lips  are  removed  ;  and  the  section  passes  through  the  centre  of  the 
terminal  fossa.  Drawn  to  scale  of  4  diameters. 


ad. 
an. 

Au. 

C.P. 

d.b. 

d.i. 

Ep.S. 

/*• 

9P- 

hp. 

hpd. 

I. 

La. 

Ik. 

in. 

Is. 

l.e. 

l.i. 

In. 

M.S. 

MS.m. 

oe. 

o. g. 
op. 

pi  pi 

pi 

p~. 


White  (adenoid?)  body. 

Anus. 

Right  auditory  sac. 

“  Cephalopodium  ”  (  =  head  +  foot). 

Dorsal  beak. 

Median  dorsal  infundibular  apophyse  (nuchal  cartilage) 

“  Episoma  ”  ( =  visceral  sac  and  mantle). 

Terminal  fossa. 

Brachial  ganglion. 

Right  lobe  of  the  liver. 

Duct  of  the  right  lobe  of  the  liver. 

Infundibulum. 

Infundibular  collar. 

Ink  hag. 

Intestine. 

Infundibular  attachment. 

External  lip. 

Internal  lip. 

Lingual  portion  of  the  odontophore. 

“  Mesosoma  ”  (connecting  the  Cephalopodium  with  the  Episoma). 
Mesosomatic  muscular  wall. 

(Esophagus. 

Optic  ganglion. 

Optic  nerve. 

P5.  Edges  of  the  mantle  at  the  shell  openings. 

Mantle  aboral  disk  behind  the  shell,  with  the  terminal  fossa. 
Shell-secreting  surface  of  the  mantl'e. 


Ps. 

p.c. 

P.d.  P.l. 
pn.c. 

p.s. 

p.sl. 

ptn. 

P.v. 

rd. 

sh. 

sph. 

spt1.  spt 2. 
st. 

T.  T. 

v.b. 

v.n. 

w". 

I,  II,  III,  IV 
IV'. 


Part  of  the  mantle  reflected  over  the  ventral  wall  of  the  anterior  chamber  of  the  shell, 
in  the  middle  line. 

Pyloric  caeca  (“  pancreatic  follicles  ”). 

Dorsal  and  lateral  lobes  of  the  free  edges  of  the  mantle. 

Perineural  cartilaginous  capsule,  cut  away  on  the  left  side  to  show  the  left  optic 
ganglion  with  the  nerves  proceeding  from  it. 

Spiral  pyloric  appendage  or  “  pyloric  sac.” 

Posterior  salivary  glands. 

“  Peritoneum.” 

Ventral  edge  of  the  mantle. 

Radula. 

Shell. 

Siphuncle  of  the  shell. 

Two  last  septa  of  the  shell. 

Stomach  (cardiac  sac). 

Tentacles  (the  left  one  is  shown  as  it  was  folded  in  the  retracted  state,  but  the  “  elbow  ” 
is  turned  outwards  and  downwards). 

Ventral  beak. 

Visceral  nerve  going  to  heart  and  branchiae. 

Passage  connecting  the  right  and  left  divisions  of  the  viscero-pericardial  cavity. 

.  The  inner  face  of  the  brachia  of  the  right  side. 

Base  of  corresponding  left  braehium. 
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PLATE  IV. 


Spirula  peronii. 

— Right  side  ;  the  walls  of  the  mantle  and  of  the  episoma  behind  it  are  cut  away. 

a.  Posterior  limit  of  the  pallia!  cavity. 
g.s.  Ganglion  stellatum. 

I.m.r.  Retractor  muscle  of  the  infundibulum. — Other  letters  as  in  the  foregoing 
plates. 

— Right  side  ;  dissection  carried  further. 

a,  b.  Style  introduced  into  an  apparently  natural  aperture  on  the  inner  side 
of  the  stem  of  the  right  branchia. 
hr.  Stump  of  the  stem  of  the  right  branchia. 
hr. a.  Afferent  branchial  vessel. 
br.h.  Branchial  heart. 
c.s.  Cardiac  sac  of  the  stomach. 
o.m.  Root  of  the  ovary. 

w".  Passage  connecting  the  right  and  left  divisions  of  the  viscero-pericardial 
cavity. — Other  letters  as  before. 

— Left  side  ;  the  wall  of  the  episoma  removed. 

a.  The  visceral  wall  of  the  pallial  cavity  cut  away. 

b.  Wide  artificial  opening. 
ov.  Ova. 

— Aspect  of  fig.  3,  showing  the  contents  of  the  viscero-pericardial  cavity  after  the 
mass  of  the  ova  was  removed. 

a.  Appendage  of  the  left  branchial  heart. 

b.  Style  introduced  into  an  artificial  opening  of  the  viscero-pericardial  cavity. 
br.h'.  Left  branchial  heart. 

o. d.  Oviduct. 

p. c.  Pancreatic  caeca. 

p.s.  Pyloric  spiral  sac  of  the  stomach. 

p.t.n.  “  Peritoneal”  sac. — Other  letters  as  before. 

—Upper  part  of  the  same  aspect  as  fig.  4,  with  the  left  branchia  turned  down. 
a.  Style. 

br.a.  Afferent  branchial  vessel. 

M.  Projection  formed  by  the  left  accessory  nidamental  gland. 
w'.  Artificial  aperture  in  the  viscero-pericardial  cavity. 
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PLATE  V. 


Spirula  peronii. 


Nervous  system  ; 
size. 


all  the  figures  are  drawn  to  the  scale  of  four  times  the  natural 


Fig.  1. — Dissection  from  the  dorsal  side. 

a.d.  White  body. 

B.m.  Buccal  mass. 

bm.r.  Retractor  muscles  of  B.m. 

br.r.  Retractor  muscles  of  arms. 

E.  Orbit. 

f. n.  Nerve  to  the  fin. 

g. c.  Cerebral  ganglia. 

g. s.  Ganglion  stellatum. 

h. p.  Anterior  part  of  the  liver. 

h.p.  Posterior  moieties  of  the  hepatic  lobes. 
I.  Infundibular  collar. 

Int.  Integument. 

M.  Mouth. 


M.S.m. 

Mesosomatic  muscular  substance. 

OR. 

(Esophagus. 

o.g. 

Optic  ganglion. 

P. 

Wall  of  the  “  episoma.” 

pl.n. 

Pallial  nerve. 

p.n.c. 

Perineural  cartilage. 

s.b.g. 

Superior  buccal  ganglion. 

sh.s1.  sh.s 2. 

Anterior  and  posterior  parts  of  the  shell  sac. 

sh.iv. 

Shell  wall. 

spli. 

Siphuncular  tubes  of  the  shell. 

sph.m. 

Membranous  siphuncle. 

apt1,  spt 2. 

The  two  last  septa  of  the  shell. 

s.w. 

Shell  wall. 

Fig.  2. — General  view  of  the  nervous  system,  from  the  dorsal  side. 

g.ch.s.  Chlamydo-splanchnic  (pleuro-visceral)  ganglia. 

g.p.  Brachial  ganglion. 

v.n.  Visceral  nerves. — Other  letters  as  before. 


Fig.  3. — Side  (left)  view  of  the  central  nervous  system,  with  the  perineural  cartilage  cut  through. 

a.  Anterior  salivary  gland. 

A.u.  Otocyst. 

g.p.  Pedal  ganglia. 

g.p'.  “  Pes  anserinus  ” :  brachial  ganglia. 

i.n.  Infundibular  nerve. 

o.g.  Right  optic  ganglion. 

o.g.p.  Peduncle  of  left  optic  ganglion  cut  through. 

^rc.chpra.c^Perineural  cartilage  cut  through,  where  it  roofs  respectively  over  the  cerebral  and 
chlamydo-splanchnic  ganglia. 
pn.c 4.  Lateral  broad  also  of  the  perineural  cartilage. 

pn.c 5.  Median  lower  process  of  the  perineural  cartilage.— Other  letters  as  before. 


Fig.  4. — Side  (left)  view  of  the  central  nervous  system,  the  left  half  of  the  perineural  cartilage  removed. 
ar.  Passage  for  artery. 

c.ch.c.  Cerebro-“  chlamydo-splanchnic  ”  connective. 

cp.c.  Cerebro-pedal  connective. 

g.p.c.  Brachio-pedal  connective. 

p.ch.c.  Short  pedo-chlamydo-splanchnic  connective. 

pn.c 3.  Perineural  cartilage  investing  the  pedal  ganglia. 

x.  Cerebro-brachial  connective. 

1,  2,  3,  4,  5,  Brachial  and  tentacular  nerves. — Other  letters  as  before. 

Fig.  5. — The  “  pes  anserinus  ”  and  its  connectives  with  the  pedal  ganglia,  the  right  and  left  lobes  separated 
and  spread  out. — Letters  as  before. 

Fig.  6. — The  right  “  stellate  ”  ganglion  and  nerve  to  the  fin. 

ar.  Artery  to  the  mantle.  F.  Fin. 

(3.  Inner  wall  of  pallial  cavity.  v.n.s.  Venous  sinus. 
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Spirula  peronii. 

Fig.  1. — The  greater  part  of  the  alimentary  canal,  dorsal  aspect  ;  x  4. 

Fig.  2. — Ventral  aspect  of  fig.  1,  the  liver  removed. 

Fig.  3. — The  posterior  part  of  the  oesophagus,  the  stomach  and  commencement  of  the  intestine  ;  the  dorsal  wall 
removed  and  also  the  extremity  of  the  pyloric  sac  ;  seen  from  within. 

Fig.  4. — The  pyloric  sac  seen  from  within. 

Fig.  5. — The  termination  of  the  intestine  with  the  small  ink  bag. 

In  all  these  figures  : 

a.  Fold  of  the  anterior  face  of  the  pyloric  appendage. 
ca.  Cardia. 

cr.  Cardiac  portion  of  the  stomach. 

cr'.  Cffical  diverticulum  of  cr. 

gl.  Gastric  ganglion. 

hd.  Hepatic  duct. 

li.  Liver. 

ov.  Ova. 

pc.  “  Pancreatic  ”  caeca. 
ps.  Pyloric  sac  of  the  stomach. 
pin.  “  Peritoneal  ”  sac. 
py.  Pylorus  (hy  in  the  fig.). 
pyl.  Pyloric  valve, 
r.  Rectum. 

z.  Apparently  glandular  body  in  the  fold  of  the  “  peritoneum.” — Other  letters  as  before. 

Fig.  6. — Median  longitudinal  section  of  the  buccal  mass,  left  side. 

db.  Dorsal  beak.  rd.  Radula. 

li.  Internal  lip.  s.d.  Salivary  duct. 

In.  “  Tongue.” 

Fig.  7. — Enlarged  view  of  fig.  6,  from  the  right  side. — Letters  as  before. 

Fig.  8.— Heart  and  neighbouring  organs,  in  situ,  dorsal  aspect. 

ao. a.  ao.p.  Anterior  and  posterior  aorta. 
cmr.  aur'.  Right  and  left  auricles. 

br.h.  br.h'.  Right  and  left  branchial  hearts. 

br.app.  Branchial  heart  appendage  (pericardial  gland). 

pl.v.  Pallial  vein. 

v.  Ventricle. 

v.v.  Abdominal  vein. 

x,  x'.  Right  and  left  kidneys. — Other  letters  as  before. 

Figs.  9  and  10. — Aeetabula,  ventral  and  lateral  aspects,  x  100. 

h.  The  horny  lining.  pa.  Central  papilla.  pd.  Peduncle. 

Fig.  11. — The  olfactory  papilla. 

Fig.  12.- — The  right  eye  from  above. 

c.  Concentric  circles  of  the  iris.  m.  Muscles.  pp.  Pupilary  aperture. 

Fig.  13. — External  (lateral)  view  of  the  right  eye. 

a.  Optic  nerve  (between  the  removed  optic  ganglion  and  the  eye). 

ap.  Palpebral  or  corneal  aperture. 
gl.  Fatty  gland. 

oc.  Walls  of  the  ocular  chamber. 
pn.c.  Perineural  cartilage. 
sc.lig.  Sclerotic  ligament. 

Fig.  14. — A  sagittal  median  section  through  the  pallium  of  the  posterior  end  of  the  body. 

a.  Papilla. 

b.  Edges  of  the  fossa. 
chr.  Chromatophores. 
ep.  Epidermis. 

l.  Lenticular  mass  of  fibrous  tissue. 

m.  Layer  of  glassy-looking  substance. 

r.  Layer  of  fibres  proceeding  from  the  centre  to  the  circumference  r'. 
sp.  Sponge  spicule. 
z.  Point  of  the  section,  fig.  17. 

Fig.  15. — Enlarged  view  of  a  part  of  fig.  14. — Letters  as  before  ;  at  y  the  parts  are  obviously  torn  and  otherwise 
injured. 

Fig.  Iff — Part  of  the  lenticular  body  (l,  fig.  14)  much  enlarged. 

n.  Nuclei  embedded  among  the  fibres. 

Fig.  17. — Longitudinal  antero-posterior  section  of  the  mantle. 

E.  Outer  side. 


I.  Inner  face. 
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